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EFFECT OF CERTAIN GRAIN RATIONS ON THE GROWTH 
OF THE WHITE LEGHORN CfllCK 

By G. Davis Buckner, K. H. Nou,au, R. H. Wilkins, uiui josiTU II. Kastle 
Department of Chemistry, Ktntueky Kxpntmrr.t .SIjIiom 

In. a former paper * from this lalwratory evi(!enee was pn'St^iUed to 
■ show that the lysin cx>ntent of the proteins of certain Krain mixtures 
fed to White Leghorn chicks was the limiting factor in their growth. 
The results of those experiments showed that on a ration amsisting of 
wheat, wheat bran, sunflower seed, heinpseed, erackeil ctirn, skim milk, 
cabbage, and sprouted oats, normal growth was obtained, while on a 
ration consisting of barley, rice, hominy, oats, gluten flour, butter fat, 
cabbage, and sprouted oats a condition of arrc-sled growth rtsuliwl. 
The first-mentioned ration was suppos'd to contain a high |K.’rcenlage of 
the amino acid, lysin, as compared with the second ration, whUli was 
supposed to be low in lysin. These experiments were o|K‘n to criticism 
because gf the small number of chicks under consideration, the lalxiru- 
tory conditions governing them and the possible inaexuraty in the 
numbers given for the amino-acid distribution of the grain mixtures 
fed. In view of this, an experiment was planned whieli would, as far 
as possible, eliminate these points of objr*cLion. 

In 1915 an experiment was conducted by llpckner, Nollau, and Kastle, 
in which 14 on^dayold White Leghorn chicks were fed a ration consist- 
ing of parts of ground soybeans and 67 parts of ground oats, supple- 
m^ted by 20 per cent of protein-free milk, sprouted oats, shredd«l 
cabbage leaves, grit, oyster shell, and a small quantity of sour skim milk. 
On this ration the chicks failed to thrive and grow and would eventually 
have died had not the grain ration bee*n changed. It was changed to 
equal parts of wheat bran, sunflower seed. hempsc*ed, barley, oats, and 
rice On this diet a partial rc'covery was effected, yet the vigor and 
development of the normal While Leghorn chick of a sinular age was 
not attained. One of us (Kastle) conte|^c.l that tWs Mure U; grow 

T* ti Vactsx 1 H THE fmCltatCi vt V'jL'NO LEBClt* CEAIJ* 

VuL XVI. 1 1 
Mif. 14, 19x9 
Key So. Ky.-* 


Journal J A*ricultural RestETch. 
WE^mstoD, D. C. 
rp 


(305) 




3o6 


Journal of Agricultural Research 


Vol XVI. No. IJ 


nomally was*eauscd by some toxic principle in the soybean, and in 
order to throw more light on this point the following experiipent was 
planned. It was conducted in an airy, well-lighted basement room of- 
the Kentucky Agricultural Experiment Station. 

Two lots of chicks, designated “A” and “B,” consisting of 12 and ii 
White Leghon? chicks, respectively, we^ selected entirely at random 
and fed rations com^sed of equal parts of soybeans, oats, wheat, ship 
stuff, sunflower seed, and cracked com, supplemented by sour skim milk, 
sprouted oats, shredded ctbbage, grit, and oyster shell. The food of lot 
A was given to them in the usual manner of feeding. In the case of lot 
B the grains were ground together, well mixed with a small quantity of 
distilled water, and baked in an electric oven. The temperature of the 
oven was kept at 420° F., and the mixture was frequently stirred. The ^ 
baked feed was ground and fed to lot B in the same way as was the ^ 
uncooked mixture to lot A. Table I gives the weights of the chicks, 
their increase in weight, and the number surviving each week. 


Table I . — Efect of uncooked and cooked rations on the growth of White Leghorn chicks 
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This experiment, as shown in ] able 1, <x)vcrs a perioti t»f nine 
in which both lots of chicks rcccivcU identical treatment, exirpt as to 
•the preparation of the food. The growllt of lot A was upjMo\i!i;ately 
normal as to weight and mortality, but their vigor and H^uerul unuliiion 
was not good. In lot B, ^Yhich received tlic C(H»kcd grain ration, a 
decided deleterious effect was shosMi by the weight and mortalitv re4't>rd 
which can properly be ascribe<i to the ration. U we regard this ration 
in the light erf the present-day conception of mitrition, it is balanct*<l with 
reference to the dietary essentials, fal-solnble*A Iking abundantly sup- 
plied in the sprouted oats, shredded cabbage leaves, uml butter fat con- 
tained in the not-too-closely skinuned milk, while sufiichiu water soluble 
B was obtained from the grain mixture before them as a tlry mash u( all 
times. The incomplete proteins of the grains were suiiplemenlixl by the 
casein of the milk in the wad mash and the'ymiteins in the cabbage and 
sprouted oats. These factors, with the mineral content amply sui^jliid 
by grit, oyster shell, and milk, satisfy all comiitions in making a ctnu- 
plete diet. However, the food hormones were destroyed by heating the 
ration fed to lot B. 

The experiments of McCollum and his cmvurki rs have <irmniistiated 
the nutritive limits of seeds. McCollum stales* in substance that when 
seeds are fed, supplemented by suitable inorganic salts and snlVicicnl fat 
soluble A, the limiting factor with respect to gn.wlli is the quality of 
protein. The data presented in this papiT and the ex ix^ri mental work 
to be described corroborate this statement and throw furtlu-r light mi 
the following points: 

1. That the soybean may enter into the dietary of tin* White 1. eg horn 
chick^without having an accunmlativc deleterious efTeel. 

2. The effect of heat on the food value of certain grain mixtures. 

3. That under approximately ideal conditions chicks which had bn-n 
stunted by dietary measures and had survived by rcasmi oi gr<*ater 
vitality may rcmaiii in a fairly good state of liealth over a long [>erio<l 
of time. 

The plan of the experiments was as follows: Tour grain rations ware 
selected so that two would contain grains the proteins of which were 
supposed to be high in lysin (one to be fed as a mash ami one as a grain) ; 
the other two grain mixtures were supi^rsed t<J contain proteins low in 
lysin tend were to be fed in the same way as the first two. After this 
experiment had been started an effort was ma<k to determine the amino- 
nitrogen distribution in these mixtures, but, owing to their large carbtv 
hydratc content, no satisfactory results have been obtained. 1 he effort 
to analyze these complex grain mixtures is still in 

‘McColluic. E. V., and SiKMosirt. K. a ntni.or;i( al avm.vst^ or rri.i.AriirA.«.r«,r<Tno m. 
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hoped that their aiiiino acid make-up may be determined at some future 
time. 

In this exj>eriment we selected at random from 600 i -day-old incubator 
chicks of the White Leghorn breed, three lots, each containing^ chicks, 
which were kept under identical conditions except that the diets were 
different. The conditions governing these three lots of chicks were as 
follows: 

Lot I was placed in a large brooder house which opened on a large 
grass run. The chicks '^Irere weighed individually on a torsion balance, 
sensitive to o.i gm. the day after they were hatched and were so weighed 
each succeeding week. The weekly individual w'eighings and mortality 
records were kept, the previous weight records of all chicks which had 
died being discarded, so that at the end of 28 weeks the weight records 
represented only those that were living at that time. No particular care 
was taken of these chicks except to see that they were properly watered, 
fed, and housed. They were fed a ration consisting of equal parts of 
finely ground soybeans, wheat, wheat bran, sunflower seed, and hemp- 
seed. This was fed as a dry mash and was kept before them at all 
times; and once a day, at noon, a wet mash of this mixture made with 
sour skim milk was fed. Once a day a coarsely ground grain mixture, 
consisting of equal parts of wheat , soybeans, hempseed, and cracked com, 
was thrown into the litter in order to make them exercise by scratching 
for it. Oyster shell, grit, and charcoal were before them at all times, 
while sprouted oats and shredded cabbage leaves were liberally fed once 
a day. It may be of interest to note that this ration is in every way 
identical, with the exception that soybeans w’ere added in an equal 
quantity, with the ration fed to lot 3 of our previous paper, ^ in which the 
growth and general physical condition were normal, even though the 
experiment was conducted under laboratory conditions. 

These chicks were closely watched, and any change in their physical 
condition and habits was noted. When the treading period began, the 
cockerels and pullets were separated to avoid any loss of weight occa- 
sioned by undue exercise. 

Lot 2 was kept under the same conditions, only this lot could not be 
separated into cockerels and pullets, because their external sexual char- 
acteristics were depressed to such an extent that they could not be dis- 
tinguished, and treading did not occur. A dry mash, which waft kept 
before them at all times, consisted of equal parts of finely ground barley, 
rice, hominy, and oats, to which was added enough gluten flour and 
butter fat to raise the protein and fat content of this grain mixture up to 
that of the grain mixture fed as a mash to lot i. Once a day they 
received a wet mash made of this grain mixture moistened with protein- 
free milk. • The 'grmn ration fed in the litter consisted of equal parts of 
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barlev, rice, and hominy, to which was added enough pme butter fat and 
gluten flour to bring the fat ami protein content up to the Siune level as 
that of the corresponding grain mixture fed to lot i.‘ 

Lot 3 constituted the ctnitrol for the two other has oT chicks. Thtk 
lot was kept under conditions identical witli ihoM* of lots i and 2 , the 
cockerels and pullets being separated wlien t reading l>egan.^ 'rhes<‘ chicks 
received a ration known as the standard Coniell ration.^ 

Table II presents the weekly weight and mortality ripcords of those 
three lots of chicks, covering a ])enod of jS weeks, in \Yhie|j time ilu-ie 
were no unusual weather conditions or tpidemies among tluse ehieks, 
so that these figures represent the degree of nourishment ufTordul hv the 
rations fed to the se])arale lots. 

TablIJ II I— /./ft ( I dirts oi\ Uu' of H'/kV. / 



In Sludvins the growth ncnl of lot i it will !><■ s.< i. Huit tl,o avrn.Ke 
wei'^hts of the- pullets closely followed the control thro., shout the 
weeks, but that the cock erels were inferio r in tte respect after the th.rd 

brought abotJt proltJWi'cl ^ ' •• , u_p1, h j. a!M,<4 i:.t'tf-Mot!».*Mhs» t»im 
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week. Regarding their physi<?al condition after the sixth week it was 
plainly to be seen that lot i did not have the same vigorous appearance 
as lot 3. This was most particularly noticed with regard to the general 
condition of the feathering which seemed slightly ruffled and unkempt 
as compared to lot 3. This can be seeti only to a degree in the illustrations 
of these two \pts (PI. 42 A, B), Their general vigor and development 
did not appear equal to that of lot 3, and these differences became more 
noticeable as they grew older, until, at the end of the twenty-eighth 
week, when the experiment was discontinued, it was plainly seen that 
lot I was in no way in the same physiological state as lot 3. 

It will also be noted from the data that after the seventeenth week lot i 
did not gain as much as lot 3 over the same period. During these ii 
weeks the gain was 234.2 gms. as against 286.5 gnis. for lot 3 ; or, in other 
words, lot 3 made a gain 18.3 per cent greater than that made by lot i. 
It may be of interest to point out that the cockerels of lot i showed a 
greater variation in weight from the normal than the pullets. The 
results 4)f the mortality record show the same number of deaths at the 
end of the experiment as in the control. 

In lot 2 we see that the rate of growth was retarded to such an extent 
that at the end of the 28 weeks the average weight of a chick was 809.4 
gms. as against 1,238.4 gm. for those receiving the ration containing 
soybeans and 1,357.5 gms. for the control. The external sexual charac- 
teristics were nidiincntary,and the feather tracts not properly developed 
and the fact fhat they retained the habits of the immature chick during 
this entire period is of added interest. This is shown in the illustration 
of this lot (PI. 42, C) which was taken the same day as those of lots i and 
3, all having the same focal distance. The ration fed to lot 2 greatly in- 
creased the mortality so that only 19 remained at the end of the experi- 
ment, the weaklings having died earliest. Therefore we had only those 
with the greatest initial vitality which had lived for 28 ^veeks on a diet 
the biologic value of which was low. From this we would infer that the 
individual vitality of the animal plays a very important part in deter- 
mining its ability to grow, and for this reason it is essential that a con* 
siderable number of animals should be used in experiments on nutrition. 
This would seem to follow when we realize that all of the chicks used in 
these ex|>eriinents were pure-bred And came from the same parent stock. 
The chicks of lot 2 seemed to have a good appetite, and while they ate 
with apparent avidity, yet they always seemed to be in search of some- 
thing in their feed which they could not find. Regarding their ration, it 
will be seen that it is satisfactory wdth respect to every necessary dietary 
factor e.x<jept the quality of protein. We are unable at this time to show 
wherein these proteins are limited, but hope to be able to prove this by 
experiments which are now in progress. 
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In conclusion we feel j\i!itilied m the deductions 

from the results of these experimeiUs; 

(i) The proteins of rice, oats, barley, liutniny, and gluten Ihuir air 
inefficient in promoting iionnal grow th in llic While I.eghorn chick. 

{2) The results of these experiments seem to indicate that the [imtcius 
in the grains mentioned above have a retarding action un the develop- 
ment of the extem;.d sexual charaetenstics and their fdnctiuris, which 
accompanies the arrested growth of the chicks. 

(3) We arc unable to account fur the appaicnt weakened vitality uf 
the chicks of lot i, as shown by tlieir weight uvord and general eou 
dition. However, we do not attribute it to any toxic actmn of the y>v 
bean. 

(4) Baking a grain mixture coinjKised of eijiial jiarts of soylx'iins, 
wheat, wheat brjn, sunflower seed, hcini>st‘C‘d and cracked corn, nn>i>tencd 
with water, materially lowers its efiicicncy as a food, when all else enter- 
ing into tlie diet is sufficient. 

(3) The growth and development of any animal is hugely dejx'ndent 
on its individual vitality, and for tliis reason it would sta-m des^ble to 
use a large number in experiments on nutrition. 
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A. — Iwot I at the age of three raotiths. 

Ii. ~I.ot 3 at the age of three months. 

C.— Lot 2 at the age of three months. 
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By H. J. Conn, .md J \V HuiF.itT, 

Sell' Vi'rk Slat I A^trii'u'iuf.i) }' \ Siiitu'n 

I'OUHWOUn 

A recent serios of pa puis tif tlu- \u\v Vo;k. A^MuuUmal li!\iHnnu*nt 
Station ( 5 -jr)‘ contained the results «'i' a study of tlie inii-niseopic tloiu 
of the soil. Tlie miciooriianisius of the sml were ehi>^ilied into a few 
large groups, some of which wire furl he! Mihdi\ided, and in a few cases 
the classification was carried as far as llu* ieeo;;nitinn of sjueies. tins 
preliminarv work was consuU'ied lU'Cessaty Indote siudviui.^ tlu* ddleiiul 
groups >'ith the object of ieCi),;ni/aiu 4 indi\ idu:il spivies and 

learning their functions. 

A complete sludv of all soil iuiiT(Hir).;anisins wo\il(l be an endless taNk, 
and, indeed, rather uiiiuofjtable, po.vided the onler of striving the 
different tvpes were left entire ly loehance. Tt> begin a>ludv of this kind, 
thereforc/those organisms should be seUvled that are presuinablv iuMnu 
tant. It is dilTicviIt to judge, a pyum, the iinportance of auy parih'ular 
microorganism in the soil, Iml a hint can be obtained by observing wlmh 
types predominate in natural soil under ctnuliti.nis of nniMdeiabh* 
importance in practice. 'I'lie organisms cliosin for investigation m the 
present work were found to niuUildy in fivsldv nianmed soil. In sneh 
soil aramonification and other fmus of deeom]><.sii mn are vigoions and 

there is good reason to believe that t he ino.t rapid! v ninltiidvnig organisms 

are of practical iinixrrtance. Upon adding mannre to soil several kinds 
of bacteria have been found to miiltinlv stiikinglv. but manv <if them aie 
difficult to recogniy.e and espeeially dinicnlt to (K scribe m, that ol lei-s ma^ 
recognize tlietn. It has seemed unwise to make a detailed stmly o an> 
organism which could not be recoguize<l bv otlur wor ers; and he 
work has therefore been limited (or the presimt to two tvpes. both 
which have been identified with previously d.-s< nbed forms. 

The two bacteria investigated belong to the gioup of non spore- fornur. 
(discussed in an earlier publication (/o) as one of the llir< e h.r;;e grou] . 
If soil mienwrganisms) and more speeiallv to tliat division of tins group 

descried as rapid liqiieficrs {/>. lo i Tin- 

flucresa-ns (Flugge) Migula, ‘'‘--'-'■‘'/'y 

second is describ«l on page oJ»b.,PHWr,glit . 

. i.-- - -- 

caudate (Wright).’’ 
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The present pajx^r is divided into two sections. The first shows the * 
predominance of these two organisms in manured soil and gives the results 
of an investigation of their function in soil. The second gives a detailed 
description of the two organisms to aid in their identification by others. 

H. J. Conn. 
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I— WHAT SOIL ORGANTS'MS TAKIv TART IN THl! AM- 
MONIFICATION OF MAN Li RE ? 

By 1 . \V, Bkic.ht 
l\TUL)l)rL:TION 

The importance of tlie ammonitlcation jirocoss in the soil has 
been recognized, although tlierc loi?% been :i lemlenev on the part t>i 
investigators to regard it as sLN.'on(!:ii v in iinportauLr to niliilieatiun in 
soil fertility. Gainey (/y), howcwr, has rtvenlly claiiiiet! that tin 
fertility of a soil is limited by [inveNses uhieh privede iutrilicati*»n 
namely, ammonification- rather than bv iiitiilication itstdf. 

The present work has been uiuh rlaken for the pinju'se '»f detertninini; 
some of the organisms v. Iik h aet ually e.uiNe I lie umninni heat ion m 
manure in soil under natural coiidiUons; t<» UMei iain the extmt lo \^huh 
they can carry on this ainmonilieatiou; and to enni|iare tlu in ^\i^h othu 
organisms known to posse‘ss the jiower of aimnonii viiig laboi.iloi> nudi.i. 

A survey of the literatuie suggests that the aetive aniiuoniiyiiig nig.m 
isms in the soil arc geiK-rally spure lurnu-rs. 1 liis iili-a si-eiiis to In- Irasi il 
principally upon the coiidusion reached li> Maiclial (.;0) that the spoic 
forming BacUlur myamUs is one of the most coriinion of the o.il oig.iii 
isms and the one that atlacks prouin most ciu-rgi licallv, Il should 
be noted, however, that he lonkt-d with a nmaa-lhmcous group of organ 
isms and of his eight most inip<.rtant amnu.nilicis onlv one, the non 
spore-former B . fluoractns ff./u./arn 10, is a typical soil otgamsin. J. .. 
Lipman Oi) assumed that the spore foi mers were miporlaiit aiinnonilH-is 
as is evidenced bv the fact that ho refeiic-d lo the B. suUdn gion]. and 
the'streptothrices as being the^mot ,,romnKnt annnonhvmg o,gamM,» 
nnmencallv miportant in a, able soils. Stephens and \ 

C B Lipman (ya) also assmm.l tins v.lien lliev <l»-.ded to use /(. uiW./.r 
^ the enganism with which to do Iheir experitiu-ntal wo.k on anmio.n- 

*^^"-hat this idea is still held bv some soil bacleriologisU is shown bv the 
fact that in a recent iiivestigalieii by .N'ellcr f jv) ia.i assKi.i 
Lipman) the s,xire-formin.? organisms H. H. raf.-bo, F. 

coLs ind B. mcuaihuum are used to rep,esr-nt so....- of he moie 
• , f toil o- '-inisiiis" causing .-mmiomlieatton m the son. 

‘'Thile itTundoubtedIv true that a groat many spore-fortnmg organ- 
,.shle of verv active aminonincation m manmi-d soil, 5-ot 
O «,i. i,v 

L. ,:r: r “ r;:::.* - 

;; ot irrSx »« i. >■« '“..i... 

h s (,o) that the non-spore fontters not only exist in the soil m great 
fumbelrbut that one group of tltem at least have proteolytic powers. 
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* One of this group, Pseudomonas fiuorescenSf is known to be an ammonifier. 
This, together with the fact that the non-spore formers have been found 
to be especially abundant in freshly manured soiJ suggests that they 
may Ik* among the important soil ammonifiers. The present work 
was planned to test whether this assumption is correct, and, if so, to 
obtain as rigid pjoof as possible of the ammonifying agency of the non- 
sporC'forming organisms. 

TECHNIC 

The soil used throughout the series of experiments was Dunkirk 
silty clay loam * obtained from a plot on the station grounds. This soil 
was mixed with fresh horse manure or fresh cow manure, always in 
the proportion of 20 parts of soil to i part of manure. 

All samples were plated according to the usual methods, with at 
least two dilutions. The degree of dilution depended upon the char- 
acter of the samples to be plated. Four plates were made from each 
dilution used and the average count of the four plates was taken to 
represent the count for that dilution. Whenever possible, the count 
was based upon the dilution averaging between 30 and 150 colonies per 
plate. In some cases, however, it was necessary to take into account 
plates which varied from these limits. In a few cases where plates were 
lost on account of contamination or liquefaction, the count represents 
an average of three instead of four plates. 

The medium used in all the plating was “tap-water gelatin” made by 
dissolving 200 gm. of “gold-label” gelatin in i liter of tap water, adjust- 
ing the reaction to about Ph = 6.8, with bromthymol blue as the indi- 
cator, and clarifying with white of egg. 

Nearly all of the plate counts were checked by direct microscopic 
examination of the soil according to the method described by Conn 
{12). An infusion of the soil to be exatAined was made by shaking up 
I gm. of the soil in 9.5 cc. dl a fixative prepared by dissolving 0.15 gm. 
of gelatin in i,<xx) cc. of hot water. Of this infusion o.oi cc. was meas- 
ured out with a capillary pipette and smeared evenly over an area of i 
square centimeter on a glass slide. This smear was then dried and 
stained \s%h hot rose Bengal for i minute. 

For all pure culture studies the manured soil was placed in small 
Erlcnmeyer flasks, 150 gm. per flask. These were then plugged with 
cotton and sterilized in the autoclave at 15 pounds’ pressure for tw^o 
hours. Subsequent platings proved that in this way all organisms and 
spoils \vere killed. The infusion for inoculating the soil w^as prepared 
as follows: A freshly streaked culture of the organism was suspended in 
sterile water,* and the number of organisms per cubic centimeter of this 

‘ D«Si'ribed according to the system oi the Bureau o< Soils <rf the U S. Dept, at AgricultuiT- (Marbut, 
Curtis F.. Bbxnstt, Hugh H' , Lafham, J. E , and Lafuau. M H S<.»u.s of thb Unttbd States. U. S. 
Drpt. Agr. Bur. Soils Bui. 96, 791 p.. igij. Carr, M. Earl. Lee. Ora. jr., M.aynadier, GusUnou B.. HaI/> 
LOCK, D. J., and Frost, V. J. Son, Suxvsv of Oxtasio Cocxt\*. New Vork. U. S. Dept, Agr. Bur. 
Soib, Adv. Sheets, FieM Oper 1910, 55 p., t &£ , 1 map } 
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infusion determined by the above microscopic uietliod. I'lie tutusioii was • 
diluted to the desired strength and i cc. of it intriHlua d into each iIasU. 


Ihe flasks were then incubated at rboui temperature and studied at sixHrifled 
intervals. All flasks were controlled by uniooculuted flasks as cvmtnjls. 

The method used for the detennination of the anmionia pnKUia*d 
was practically that of Potter and Snyder/ which is an ada{)iaUon of 
the Folin* aeration method. A number of olleniaiinfe KjeUlahl flasks 
and absorption cylinders were set up in stories so that a continuous cur- 
rent of air could be passed through the system. IVenty dive gin. 
samples of the soils to be tested were placed in the Kjeldalil flasks and 
200 cc. of JV/50 hydrogen sulphate (HjSOJ wtr* put in each al>sorption 
cylinder. The flasks and cylinders were so connected that the air from 
the end flask was driven o\^r into its adjdning cylinder and absorlied 
in the standard add. Arranged in this way eacli Kjeldalil flask and 
adjacent absorption cylinder with the connecting lubt‘s matU* one com- 
plete unit and any number of these units could be couiK'Cted in tlie wrii H. 

When the apparatus was set up and all was in readiness for the aera- 
tion, 2 gm. of sodium carbonate (Na,CO»), and 50 cc. of animonia-rri'e 
water were introduced into each Kjeldalil flask. Ihc flasks were ilien 


tightly stoppered, and the air was turned on at such a rate that alxuit 
6 liters of air per minute passed through the system. The lu^ralion was 
continued for about two hours and the standard add in the absorption 
cylinders titrated against /V/50 sodium hydroxid (NaOH) to determine 
the amount of ammonia driven off from the Care w’aa taken to 
have the system absolutely air-tight and all rublSr connections dry so 
that in passing fromithe flasks to the cylinders none of the ammonia 
would be absorbed Jay the water. Absorption in the standard add was 
aided by using Folin ammonia tubes to break up the bubbU*s of air when 
they entered the absorption cylinders. 

The determination of the amount of free ammonia in soil ha.s always 
been a difficult one. The accuracy of the results obtained is somewhat 
doubtful, as many of the protein substances present in soil are readily 
broken up by the reagents used in determining the ammonia piesetu. 
Consequently the ammonia determinations in this series of exjicriments 
can not be regarded as absolutely true determinations of ^ammonia 
oroduction.” Still other factors which might tend to dftitro>^lhc a^u- 
racy of the determinations are, first, that the organisms themselves 
might utiUze the ammonia as rapidly as it is produced; and second, that 
it might escape into the air. The latter is improbable l>ecause the 
ammonia would be more likely to be absorbed by the water prescnl in 
the soil. Controls of sterilized manured soU were always run at the 
same time as the inoculated soils, and in ‘this way it w^s 
determine whether or not the organisms in the inoculated- soil affected 
the amount of ammonia production in any way. 

> POTTW, R S , R S ™7;r.T«W.».T.n« mO... I«. B«P »<. 
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RELATIVE NUMBERS OF I^ON-SPORE-FORMING AND SPORE-FORMING 
BACTERIA* IN FRESHLY MANURED SOIL 

Work done by Conn { jo , table s) on' the flora of freshly manured sJl, 
previous to the present series of experiments, offers striking evidence 
that the non-spore-forming organisnU predominate in such soil. During 
his work the rr^nuied soil was plated at intervals extending over a 
period of six months. Ofi the third day it was found that almost 99 
per cent of the entire flora was composed of non-spore-forming organ- 
isms. The present work on the flora of freshly manured soil includes 
cxi)eriments designed to verify these earlier results. 

The method of procedure in these later experiments was practically 
the same throughout, except for a few differences in the treatment of 
samples. Soil was mixed with fresh horse manure or fresh cow manure 
and, with the exception of the first experiment, the manured soil was 
then divided into two portions, one of which was placed in an open pot 
and one in a flask plugged with cotton. In the first experiment the 
manured soil was kept only in open pots. The moisture content of the 
[)ots was controlled somewhat by frequent additions of water to replace 
that lost by evaporation, but no allowance w'as made for this in the 
flasks. Platings were made at frequent intervals at the first of each 
experiment and at longer intervals as the experiment proceeded. The 
experiment recorded in Table I was carried on under conditions exactly 
analogous to those^nder which Conn did his previous work, and its 
purpose was the verification oi that work. The experiments recorded 
in Tables II and III were also carried on under sAiilar conditions except 
that soil mixed with cow manure was used as welTas that mixed with 
horse manure and samples were plated from plugged flasks as w^ell as 
from open pots. 


Table I . — Plate counts of Ote microorganisms in manured soil in open pots. Expert-- 

ment I 

{Counts indicate numbers of colonies per griUli of soil] 




Actinomv’cetes. 

Noo-apore fonners. 

Spore formers. 

Tbnf since adding 
muiurc toil. 

Total count. 

‘ 

Plate count. 

Per- 
centage 
of total 
flora. 

Plate count. 

Per- 
centage 
o< total 
flora. 

Plate count. 

Per-. 
centage 
of total 
flora. 

Days . 

■ 


7 - 5 

56,000,000 

9 »- S 

None. 

0. 0 


Ao. 000. coo 

6.000.000 

7 ' S 

74.000,000 

99. f 

None. 

- 0 


I >5, 000. 000 

9 ^ 5 , 000 . 001 . 

^ 45,000,000 

4,1.000.000 
35,000,000 

50.000. 000 

55.000. 000 i 

85.000. 000 

45.000. 000 
^95,000.000 



116,000.000 

4, 000,000 

S-i 

6 ^ 


9.6 



9, 500, 000 

3-9 


SiOOOyOOO 

11- 1 

38,500.000 

8s- S 

1,500,000 

3-4 



36, 500.000 

8s- 0 

9,500,000 

5-7 

16 ^ , 

• 11,000,000 

S 4 * S 

93,000,000 

65. 7 

None. 

0 


JJ, 000.000 
11, 500.000 
* 8,500.000 

a6. 0 

35,000,000 

70. 0 

9,000,000 : 

4-0 

•, f r - f 

W.6 

49.500,000 

77 - 4 

None. 

. 0 


10. o 

76,500,00a 

90. o 

None. 

. 0 

JS ' 

13,000,000 
8, 500.000 

M-O 

33,000,000 

71. 0 

None. 

.0 

S8. . , , » 


83, $00,000 

88.0 

3,000,000 ! 3. 1 

94 - . 

ItJ 

iS, 000.000 
at^footooo 

5,500,000 

5.000,000 

io-s 

11,500.000 
15,000. 000 

63.8 
75 0 

t>OOOiOOO 

None. 








ib.3 


81 6 



• 
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Table II. — Plate counlt of the microorgittiifms in manuf^ ioil in open pots anJ Jose^l 
Jia^ks. Expament // * 


cow'manvrs 


{CouDUindicnir uuavtxT 4^ wUmiM per sraiu id hiul) 


Treatment and time 
(ince tddinc ma* 
mire to Hiil. 


Open jx)ts: 
t (lay 

I days 

3 days 

4 days 

5 days. 

7 days 

8 days 

9 days 

II days , . 
ij days . 
IS days 

17 days. . . . 


Averaae. , 


Closed flasks: 

I day 

} days. , . 
i days 

4 days, 

5 days . 

7 days. . 
8 days. . 

9 days. . 

II days, 

13 days.. 
!<; days. . 
17 days. . 


98, (00.000 
117.000,000 


51.000. 000 

411. 000. 000 

67.000. 000 

395.000. 000 

145.000. 000 


Ni»i-si*irr ittiinrm 


{ Per- 

Plate 

fior* 


17. 500.000 

64.000. 000 

67.000. 000 

81.000. 000 

101.000. 000 

41. 000. 000 

65.500.000 

34. 500.000 

330. 000. 000 
313, 000,000 

330.000. 000 
350, 000^00 


9, 500,000 
10. $00,000 
10 , 000.000 


11.500, 
11,000. 
9. ooo, 
' 190. DODi 
300. ty>o. 
315, 000, 
190. 000. 


i 


1 V^ 

.'rtlUfr 
il iKlal 


}K 7 ^ 
7ft 0 : 

I Ko V 


Niaie 
Nnnr 
1.600, ouo 


if 


79 o ! 
85. 1 : 
69. j ! 
Hi.o I 

69 t ' 
65. 0 ; 




HORSE MAKrRE 


Open pots: 

I day 

a days 

3 days 

4 days 

5 days 

7 days 

8 days 

9 days 

II days 

13 days 

lydays 

17 days 


Average. 


Closed fla<^ki; 

1 day 

> days — 

3 days . . 

4 days . . 

5 days .... 

7 days. ... 

8 days. . . 

9 days 

n days. . . 
13 days. , 
15 days. . . 
17 days. . 


67, 500. 
480, 000. 


63; O 
88.0 

87.0 

78.0 
3361 o 


169 c 
l,38ofi 
r,045.c 


9, 500.000 

3 4 

19a, 000,069 

9A 6 ' 

N'inw 


J8. 4 

87,000.000 

79-8 : 



7-4 

144,000.906 

VI 7 

1 , \fjr,, OOO 


1.8 

Rto, 000,000 

97 0 

fxjo rtun 

(6.000.000 

7 3 

713,000,000 

91. 6 

7, ito 0(0 

65,000. 000 

16^ 4 

556,000,000 

H9.6 

4 ,o.«.<iWJ 

6.000,000 

Ad 

lit.ooo, ooo 

90 4 


85, 000, 600 

»7‘7 

591,000,000 

81 7 

3 , J 

115,000. 000 

1 M 6 

611,000.000 

84 6 

|.(KKJiOOO 

100. ooo, 000 

lA 6 

1 *75. OOO, COO 

71 6 



j» » 

198, ooo. 0(0 

67 J 


700,000,000 

41.0 

jl, ooo, Doo.ooo 

58 7 



16. i 


*}■ 3j 



000 . 65. 000 o 

000 j 800.000,0 
000 j Scpo- 000.0 


7 . 8 . 

9.7 I 
U-6 I 
*A f> \ 
40 > 
3 »a 
0 J 
66 6 
1. 8 
37 0 
76 <1 


W>, 

4^iO«> 
50. 000 
37-0«> 
It}. OW 
i6», nrja, 
575. oo«. 
i4A,iyx>. 


i^ooo.oae 

iJR/jo.ooo 


ATcrace 
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Xabjlb III . — Plate counts ofJhe microorganisms in manured soil tn open pots and closed 
• flasks. Experiment III 

cow manure 


[Counts indicate oumtm of colonies per gram of toil] 


Treatment and time 
•ince adding nu-* 
nure to soil. 

Total count. 

Actmoi^yteles. 

Non-spore formers. 

Spoie formers. 

Plate count. 

Per- 
ceutage 
of total 
flora. 

Plate count. 

Per- 
centage 
of totid 
flora. 

Plate count. 

Per- 
cenuge 
of total 
flora. 

Open pots; 

I fUy 

i days 

3 days 

4 days 

5 days 

7 days 

8dayi...« 

9 days 

10 days 

I I da)% 

15 days 

i8 days. 

It days 

S8,oa0t0oo 

73. 150.000 

497.500.000 
93,000,000 
IMi 500,000 

j6, a;o,ooo 
43,000,000 

17.500.000 

40. 000. 000 
^,000.000 

1871 000. 000 

75.000. 000 
64,000,000 

8, 000,000 
5,000,000 

1 5, OCO, 000 
12,000,000 
12,500,000 
5,000,000 
5,000,000 
2, 500, 000 
11,000,000 
15,000,000 
20, OOO, 000 

20. 000. 000 

10.000. 000 

13-8 

7 

3.0 
12-9 
12. 2 
13.8 

tl.J 

74-3 
3a 0 
15-7 
lar 
26.7 
» 4-4 

48, 00a 000 
Ml 000,000 
4S1, 500,000 

81.000. 000 

90.000. 000 1 
31, 250,009 

38. 000. 000 

15.000. 000 

28.000. 000 

81.000. 000 
167, 000, 000 

55.000. 000 
52,500,000 

82.7 

931 

97.0 

87. 1 

87.8 

86. 2 

88.3 
85.7 
70. 0 
84-3 
89-3 
73-3 
83. 3 

2 , 000 , OOO 

Trace. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

1, 500.000 

3-5 

.0 

.0 

.0 

.0 

.e 

.0 

.0 

2-3 

k irmrmom 



14.3 


85 3 









Clo^ flasks: 








I day 

51,000,000 

8, 000,000 

* 5-7 

41, 500,000 

81.4 

1,500,000 

2.9 


42,000,000 

6,000,000 

14' 3 

35 , 500,000 

84. 5 

500,000 

1. 2 

jdays 

295,000,000 

10,000, 000 

3-4 

285,000, 000 

96. 6 

None. 

.0 

4 days 

68,000,000 

30,000,000 

44-1 

38,000,000 

55-9 

None. 

• 0 

s days 

44,000,000 

11,000,000 

> 5-5 

33,000,000 

74.5 

None, i 

.0 

7 days 

27,000,000 

to, 000, 000 

37.6 

17,000,000 

62.4 

None. 

.0 

8 days 

45,500,000 

23,000,000 

SO. 6 

22, 509 i 000 

49-4 

None. 

. 0 

9 dya* 

31,000,000 

20,000,000 

64.6 

11,000,000 

35-4 

None. 

. 0 

10 days 

j6, 500, ogo 

17,500,000 

48.0 

19, 000, 000 

52.0 

None. 

s* 

isdays 

^gp, 500, 000 

20,000,000 

40-4 

99,500,000 

39.6 

None. 

.0 

isdays 

^^,ooe, 000 

25,000.000 

47 - a 

28,000,000 

52-8 

None. 

. 0 

>8 days 

125,000, 000 

65,000,000 

52.0 

60, 000,000 

4B.0 

None. 

.0 

11 days 

46,000, 000 

25, 000. 000 

54-4 

21,0^,000 

45-6 

None. 

. 0 

Averaet * 



38.3 


61.4 


• 3 









HORSE MANVRS 


open pots: 


12,000,000 

10.9 

97sDOO*OOQ 

88.1 

750,000 

1.0 


120^000.000 
195, OOO, OOO 

150^000.000 

122,000,000 

95 . 000 . 000 
300> 000.000 

30,500,000 

59. 000. 000 

48.000. 000 



111.000,000 

92. 5 

I, 5OO1 OOP 

X. 1 


lO^OOOs OOO 

5 - 0 

185, 000,000 

95- 9 

None. 

■ 0 


15.000* o«o 

tasOOOtOOO 


IJSiOOOiOOO 

110.000,000 

o&o 

None. 

mO 



90. 1 

None. 

■ 0 



S-1 

80,000,000 


None. 

■ 0 

8dyaa 

35,000,000 

265,000,060 

^3 

None. 

■ 0 



25,500,000 

83.6 

None. 

. 0 



8-5 

54 . 000,000 

91- 5 

Ncme. 

. 0 


20, 060,000 


28, OOO, OOO 

58-3 

None. 

- 0 



16. 1 

30^9 OOO9 OOO 

Si. 0 

None. 

. 0 

18 days 

ijo, 000, 000 
117.500.000 

35,000,000 
30, 000,000 

26.9 

* 5-5 

95,000.000 
' 87.000,000 

m 


.0 

• s 




Average 

’ 

14.9 

. 

mm 


- a 

dosed flasks; 

40,000,000 

182,500,000 

4 , 500,000 

11. 2 j 

34 < 5 ^ 1 000 

86.2 

1,000,000 

a-S 

2 days ' 

1 

4-3 1 

171.509,000 

94-0 

1 , 000,006 

1 ' 7 

3 days 

1O7O0O200O 

12.1 : 

71, 500,000 

87-9 

None. 

.0 

4 days 

75.000,000 

33,000,000 

515.000. 000* 

605.000. 000 

22, 500,000 
13,000,000 
375 . 000,000 
ISO, 000,000 

30.0 

52,500,000 

Tao 

None. 

-o 

5 days 

39 - 4 

20,000.000 

6o- 6 

None. 

■ 0 

7 daya. 

72. 9 

140,000,000 

27. 1 

None. 

.0 

8 days 

24.8 
51. 2 

455,000.000 
30, 500,000 

75 - 2 

None. 

.0 

■ ■ * ^» • • * • * * 

48.8 
13 ' t 


.0 




76.9 

180,000.000 

Ncaie. 

.0 

12 days 



74. 6 

17,000,000 

35-4 

None. 

-o 


43, 50^000 


63. 1 

16,000.000 

jAS 

None. 

.0 


i 65,000,000 
! 30.000,000 

65.0 

35,000,000 

35.0 

None. 

.0 

• a 

.40.000.000 

75 ' 0 

10,000,000 

25.0 

None. 

■ e 









! 48- 2 


53-1 


.3 


1 
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Atntnont/UiiUon oj A/awwrt* tii Soil 

A sun^y of the results in Tables I. 11, and Ill^show's Umi the number 
of non-spore formers in the open pots of manuTe<j soil iiicreased rapidly 
for the first few days (see Table I’, column 5T In every instance the 
highest percentage of this group of organisms was icacliotl within the 
first week after the addition of the manure and this maxim uin jxnni was 
never less than 92.5 per cent, wliile in some case* it reached 07 per I'ent, 
The results in the flasks were much more erratic ami, while the jkt- 
centage of non-spore formers often ran alKwe (>o iht cent of U)e fltim, the 
lines of increase and decrease were not so ^ve^ marke<l as thev were in 
the pot experiments. • This was undouhtedlv due to the fact Uiat ad- 
ditions of aeration and moisture content were di'cidedly ahnormul. lly 
summarizing the three tables it was found that the iion-s|KneTormiiig 
organisms averaged 74.1 per cent of the entire flora in Innh the ]v>ts and 
flasks; the Actinomycetes 25.1 per cent, and the sporc^ formers only 0.8 
per cent. 

Table IV. — Results oj tin isolaiion of lyrCfAnisms from joi/ 


Ot>ni ptXs 






Num- 

Num- 

N'um 


Sam- 

ple 

No, 


since 


her 

tM-r 

lKTt)l 


tna- 

add- 

ins 

ma- 

Total count. 

orcan- 

isms 

tso- 

which 

grew 

spore 

{orm- 

S{X)tT 

{tiitn- 

m. 



nurt- 


Uted. 

agar.^ 

crs. 



Dayt. 







Horse 

6 

351,000.000 

t 4 

0 



2 

. .do. . 

10 

89,000,000 

20 

30 



3 

, , .do, . 

*7 

73.000,000 

25 

>4 

19 


3 

. ..do.. 

22 

j7, 000, 000 

30 

30 


3 

. ..do.. 

27 

30.000,00a 

37 

J 7 

27 


4 

Cow... 

9 

232,000.000 

J7 












6 

. ..do.. . 

aj 

174,000.000 i 

.15 

S 


: 

. . do.. . 

3 

98,500^000 ; 

15 

i 

>4 


8 

Horse 

8 

67. 500,000 

7 


* 

0 

9 

Cow. . . 

8 

252,000,005 

8 

\ ^ 


fl 

10 

Horse. 

34 

1,705.000,000 

ts 

1 «« 



It 

Cow... 

34 

345.000,000 

It 

20 


12 

13 

Horse. 

Cow... 

8 

8 

300, 000 

43,000,000 

3 3 

10 i to 







364 ! 254 

1 l»47 

7 





1 

' 


• — - 


TuUl cx»iirt 


Num- [Nura 

Im-i td j Iwr |,ri<4 


lUiKitn' 

Utni 
i»i>- . 

Utrtl laiftr < 


«trw 


« Pliiitt nulricflt Bear WBS u«d « medium i.-r cuUm’tr*. , 

While the data accumulated in the prccedi.ig experiments indicated 
very strongly that the non-spore formers were the predorninalmg organ- 
isms in the manured soil, yet the pro<i uas not ahsointe, la-cause . was 
based entirely upon the apirearance of the colonies u] am the plate , 
Those colonies which possesse-d the characteristic spreading " 
app^iarance of the typical spore formers were classified 
brsomenonrspore formers may thus have bc^n im^vertenll^ recorde.1 
as spore formers, or some spore formers as non-spore fortner^ A number 
of iLlations were made, therefore, from the plates poured during the 
Lries of experiments desent^d above. All colonics whurh htoked like 

10664G ®— 19- — 2 
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spore formers were transferred to agar giants, as were a representative 
number of colonies of other 4 ypc%. About 97 per cent of these cultures 
grew and were subsequently examkierf under the picroscope for spore 
formation. , ^ 

Table IV, which contaitw the recorded data from this experiment, 
shows that of the 254 organisms from the open pAs which grew after 
isolation, only 2.8 per cent were spore formers, and of the 160 organisms 
from the flasks which grew after isolation only 1.8 per cent were spore 
formers. And this despite the fact that a special effort was made to 
include all those colonies whose appearance suggested that they might 
be spore-forming organisms. 

GROWTH 01^ PSEUDOMONAS FEUORESCENS AND PS. CAUDATUS COM- 
PARED WITH THE GROWTH OF BAdTLLUS CEREUS IN STERILIZED 

MANURED SOILS 

The organisms selected for the rest of the work were two non-spore 
formers, Pseudomonas fttwrescens (Fliigge) Migula and Ps, caudatns 
(Wright) Conn, and a spore former, Bacillus cereus Frankland.* The 
first two organisms are described in the second section of this article, 
and were chosen because of the frequency of their occurrence in manured 
soil. B. cereus y according to Conn (9) and Laubach and Rice (?7),is a 
typical spore former occurring in soil and was selected for the purpose of 
comparison with ^ese organisms. 

soil, INOCULATED with THE THREE ORGANISMS SEPARATELY 

In the series of experiments designed to show the relative rates of growth 
of the three organisms under investigation, manured soil was sterilized 
in flasks and inoculated with pure cultures in suspensions of carefully 
determined strength. Samples from each series were plated at similar 
intervals, and an effort was made to make all results comparable. 
Microscopic counts were made of all the samples of^soil inoculated with 
B. cereus in order to determine the number of vegetative cells actually 
present in the soil. As Ps, fluorescens and Ps. caudaiuSt cm the other 
h|md, grow well on plates, form no spores, and show no tendency to 
dump, a microscopic count of them was not so important as the plate 
, count, and since they are so small as to be ea^y overlooked under the 
microscope a microscopic count proved even less accurate than the plate 
count. The results as set forth in Table VI, Experiment I, show that 
Ps, caudaius increased from a 13,300,000 plate count on the day of 
inocnilation to a i ,720,ocx3,ooo count seven days later, or an increase of 
132 time;? the original inoculation. The initial plate count of Ps. 
fluorescens was 4,390,000, and on the seventh day the count was 475,- 
000,000, an increase of no times the original count, B. cereus, on the 


1 As M«nttfied by Conn. This orfsaism screes with the descriptioos of Chester {i, p. and Latiraicc 
and Fold Cil. p. iHi-aPf). 



Maf. a 4 > 1919 


Ammomficiiiwv oj Mtwuu' in Soil ^^.>3 

.. ^ , 

other hand, showed a much lower rale of iiicre^ise and devcloi>ed fiom an 
initial plate count of 1,800,000 (^ee^TabU* V, fix^XTiinent I) to a cvmni 
of 15,000,000 on th^ seventh day, an increase* of 8.5 iinu's the original 
inoculation. The microscopic count on the sevenili day showed 
36,000,000 vegetative cells, an incn'^ase of io times the initial count. 
In the four series Ps. caud^lus showed its greatest iiuTt‘;).se in lixperi- 
ment III (Table IV), on the ninth day, when it showed a ooutil Q13 
times greater than its initial count; Ps. jhunrfsans registered its greatest 
increase in Experiment IV on the fourteenth day, when it slioweil u 
count 530 times higher than the original count; and IP enrue made its 
greatest increase in Kxjxriraent IV (Table V) on tlie sixteenth day, 
showing a count 29 times higher than the original. 


TabliS V . — Mvlliplication of IP certus inoculatfd into itertU' muMiirol iai/ 
{Cimiil iotlkatfS the nuinUr* sram i-f v,jll 








’ - — “ 

i 

1 

1 


Mil iiixtitn 

C 


Experiment No and lime sintt; | 

IMttfeoiunl. ; 

C.TlMlJft j 

liidividuaU 

iD(x:uUttion. 1 

. 






Vi’sctative 1 
cell* ! 

Si>ofie*. 

Vrariativtr i 
tflb 1 

Slwrw 








Experiment i; 




0 1 . iloe. exxo 

Nnne 

t ' 

3,000,000 

5,000,000 

>0, 000.000 
6,000.00^ 
J7, 000,00^ 

9,000^000 

>3.000 ow 

Jgyf 

1,730,000 

6,000.000 

3.000,000 

1 11.000,000 

J cii&vi 

15,000,000 

36,000,000 

50, 000, oou 

Experiment II 



0 1 , 300, «w 

None 

xdavi — 

a,6oo, coo 






4,000.000 ' 





17 days 

7, oooi coo ! 

14,000,000 ' 

' 




Experiment III: 




0 1 1 6. 000 

None 


4.000.000 

7, 000,000 

t8, coa. ona 

n.Of*:' 


4 days 


7, 500. DOO 

j 1 , «oo ooo 

10, 5O».rJO0 


10, 500.000 

7, 500,000 

1 lo.oooiooo 

15.500 uuu 
7, )oo, 000 

>V' 

tfl, cno.oM 

ft d^ys 

10,000,000 

3. 500,000 

14, 500,000 


Experiment IV: 




0 toi , QOO 

None 


8,000,000 

4,000,000 . 

5 , fx>o, 000 

1 J , srjO. 000 

30. OCK.. OtA 

rt 

5.OOO. DOO 

1, 500 000 ! 

1 1, 000. 000 

} J, ftio naa 

»7 3M< S 

AA rt 

IJ, 500,000 

1. 500. <M 

II. (OO 000 

O' 


ft dll " 

14,000,000 

I, roo.ooe 

9 000 o'jO 

6 


udays — 

17,000.000 
15.000,000 
It, 000. 000 
J6, 000, 000 

4, 000.000 
4. 500. ac« 
7. 400.000 

15. 000. mo 

I7,eeo.oa« 
15, 500 000 

7, 000 

1^4 

$1,00^ <KJQ 
toa.opo 



3,000. ClOO 

11, 000,000 

.... ... 

V* 


a Computed (rom the number oI orgwiiimi in the tnfuuu. u*d Un JoocnUimn 
No microscopic count nudr- 


soil. INOCULATED ^V^TH A MIXTURE 0? TUE THREE ORGANISMS 

Table VII gives the results of placing the three organisms in c^- 
tition one with another by inoculating flasks of stenle mannre 4 sml ^h 
all of them together. Infusions were maxle from 

organism andfhe strength of these infusi.ons determined by ‘he micro- 
scopic method. After infusions of the proper strength 
eqmil amoonts of each were thruoughly mixed and i ec. of the mixture 
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added to the flasks containing 150 gms"of sterile manured soil. These 
flasks were then incubated at room temperature and plates and smears 
made from them at regular intervals. Jn Experimeat I, Table VTI, the 
ratio between the numbers of organisms of Ps, jiuorescens, Ps. caxtdatus, and 
B. cereus was i to i to i ; in Experiment II the ratio was i to 8 to 33; in 
Experiment lU the ratio was i to 7 to 33. .Although B. cereus was as 
abundant as the other organisms in Experiment I and was much more 
numerous than they in the later experiments, it failed to appear upon 
any of the plates poured. The non-spore-iorming organisms multiplied 
very rapidly, and in Experiment II, Ps. jiuorescens developed from an 
initial count of 30,000 to a maximum count of 56o,fxx),ooo on the third 
day, an increase of over 18,500 times its count at the time of inoculation. 
In the same experiment Ps. caudatus developed from an initial count of 
j8o,ooo to a maximum count of 1,190,000,000 on the seventh day, an 
increase of 6,600 times its count at the time of inoculation. The micro- 
scopic examination of the smears made during this series of experiments 
showed that the vegetative cells of B. cereus rapidly decreased in numbers 
and in a few days the organism could be identified only in the spore form, 
while the non-sppre formers, especially Ps. caudatus, showed a steady 
increase in numbers for several days. 

Table VI . — Multiffticadon of non-spore formers inoculated into sterile manured soil 

[Count jiidiratw iiurahers i)cr gram of bdl] 


Bxperin^t No. 
tuid time ^ce 
inoculation. 

Pseudomonat fluorescms. 

Psatdamonai caudatus. 

Plate count. 

Microscopic count. 

Plate count - 

Micrcecopic count. 

Groups. 

Individuals. 

Groups. 

Individuals. 

Experiment I; 



04.390,000 

>04,000,000 

159.000. 000 

395.000. 000 

<13,300,000 



013,300,000 

608,000,000 

1.614.000. 000 

1. 954.000. 000 

06,600,000 


360.000. 000 

185.000. 000 

475.000. 000 

197. 000,000 

133 , 030,000 

959,000,000 

665,000,000 

4. 800. 000, <500 

1.710.000. 000 

493.000,008 

x,,uo-ooo,o<» 

1, 105,000,000 



Experiment 1 [ 


145,000,000 
t6o. 000.000 

900 . 000 . 000 

910 . 000 . 000 

300.000. 000 


3 , 700. OOO) 000 
Ii jOOfOOOtOOO 

Kacount. 

4|MOtOOOtOOO 


R rln^ 





« « Have 





t* Have 

* 









Experiment III: 

n 


0 1,600,000 
88,000,000 

188.000. 000 

347.000. 000 

398.000. 000 

<1 1,000.000 



0 1 , 600, 000 

798.000. 000 

784.000, ooo 

809.000. 000 

899.000. 000 

A 1,090,000 

9 days 

140.000. 006 

96 o, 00 O» 0 OO 

315.000. 000 

350.000. 000 

79. 000; 0009 
l 7 .^ 000,000 
23&TOOOrOOO 
3io^DoOiOoa 

1, 440,0001 cxx> : 
I V 34O5 ooot 000 

1 1 460. 000 1 000 
ip 1903000,000 

798.000. 000 

760.000. 000 

736. 000. 000 

794.000. 000 

A 

^ A ^ 

Hay* 

Experiment IV:* 

a 

109 . 000 . 000 

390.000. 000 

395 . 000 . 000 

470.000. 00p 


114.000. 000 

181.000. 000 

194.000. 000 
9 X>,S 0 O,OOO 

305.000. 000 

170 . 000 . 000 
i69,ooo»O00 

*171,500,000 


A H Ik 





* 





8days....f^ 


' 







19 days 

375 . 000, 

460.000. 000 

5JD. 000,000 
470)000,000 














•- 






o Coraputed ftoni the number o[ organisms in the infusion used for inoculation. 
No microscopic cour^ made. 
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TablS \ll.~PlaU counit of the micfoorganis-ms ih tfmU mortumi m! inocuiiiNd uitM 
a mixture of one spore former aW two ncm spore formers 

[^Unint indicate nunibrr fJ oulmiir^ Iki cram ii( 


Time 

stsce 

inocu< 

latioa 


Experiment I. 


Pseudo- 

monas 

caudettus. 


o as©, oooj 
Noae. 
None. 
None. 

BD) ooo, DC 

480 . 000 , ^^ 

710.000. 

770.000, 

865.000. 
5 * 0,0 
710,0 


8 * 0 , 000 , 

865.000, 

560. 000, 

730. 000, 

500. 000, 


oooj' 


ooo| 


100 . 000 . 

100 . ooo^wj 
Notett 


« i, aSo,«k«] 

■ ftOO.VlLl 

Nolr>l 

] M.iWO.u,; 
-»V 'J*’-'- 

So to;? 


Nolr- 


S’o lr>t 
Ni> 

Sn toil 


NotcM j| 

O.l/cXi.iioo 

’feotcs .1 [ 
N 1 ) te*t \ 
N« test 


No Iriit 
No !r>t 


Ko Irtl 
No 


n Comput«l from the minil>er <4 ofeani-on* in the miurion lot in- obl»« 

The results as recorded in this series of experiments ind.cale e|.nte 
learly that the non-spore-forming organisms, Ps- fliiotoo m ami I's. 
audatus rapidly gain the ascendancy over P ccrcus when |ilaced in 
ompetition with it in sterile freshly manured sod. Ihe vegetative 
lells of B. cereus apparently soon sporulate and r.niam in the resting 

‘nnHitirin ^ 


relative numbers of the organisms in question in a soil • 
relative adding manure 

Tables VIII, IX, X, and XI record daU which show the relative 
numbers of Pr. /ftrorercenr, Pr. caudalus. and B. «r,m m soil in wlmh 

1 . —""r. 

been added and decomposition is occurring rapidK. I able " 

Sts the data obtained as the result d an_alyses of ^.n unt^a^d field 

A- -- - ■' - ^ 

used in bis sod-flora studies (S-rr). 



326 


Journal of Agricultural Research 


Vol. XVI. No. 


Tabi^ VIII. — Comparison between numbers ^ Bacillus cereui and ike numbers of 
certain non-spore formers in Plot I, soil untreated 
{CottJit indicates the oumbcp of colonks per ^am of soill 


' Date. 

Total count. 

Badtivs 

cereus. 

IPseudsmoHV 
j fiuortscens. 

PseudomoHcis 

caudahts. 

Sept. 23 ^ . . 

38,250,000 

/50, 000 

® None. 

60, 000 

Oct. 25 

17, 000,000 

150, 000 

150,000 

1 Nmie. 

Dec. 3 ^ 

000, 000 

200, 000 

None. 

1 None. 

>7 

23, 500, OCX) 

No count. 

-No count. 

No count. 

1913. 

Jan. 15 

17, 500,000 

200,000 

100,000 

None. 

Feb. 5 

27, 500, obo i 

350,000 

None. 

None. 

14 

000, 000 

300, OCX) 

300, 000 

None. 

Mar. II 

29, 200, 000 

400, 000 

None. 

None. 

Apr. 4 

27, 000,000 

400,000 

^00, 000 

None. 

July 10 

Nov. -26 

22, 600, 000 

500, coo 

None. 

None. 

15, 000, 000 

350,000 

None. 

None. 

Dec. 15 

12,400,000 

200,000 

Trace. 

None. 

1914. 

Jan. 16 ' 

16, 150, 000 

700, 000 

None. 

None. 

^ . 30 V 

29, 3qp, 000 

500, 000 

Trace. 

None. 

Feb- 7 

26, 700, 000 
38, 500, 000 

400^ 000 

None. 

None. 

26 

600, 000 

Trace. 

None. 

Apr. IS 

19, 400, 000 

350,000 

None. 

None. 

29.:. : 

16, 100, ocx> 
(*) 

450, 000 

None, 

None. 

Aiig. 7 

200,000 

None. 

None. 

19 

23, 400, 000 

175. «» 

600,000 

None. 

1917. 

May 4 

12, 500, 000 

300, 000 

* 250,000 

None. 


o Dilution so STcat that no colonies appeal on the plates, b Count lost on account of liquefaction. 

Tabi 3 between numbers of Bacillus cereus and numbers of certain 

non-spore formers in soil from Plot 1 . ^oil manured and kept in the laboratory. 
Series I 

[Counts indicate mimber of coloales per cram of soil] 



Bacilius ctrtui did not devdop on Ihe plates; 
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soil from Plot I made at inten als for a period of (lirec years. 1 1 will 
be noted that during that tin^e the non-si>ore fonuing /*.?- 
appeared only once and then in comparatively small nuiuliers; Pa. 
fluorescens appeared nine limes, and only twice consiitt!te<l more than 
I per cent and never more than 2.5 per cent of the total lima. It it 
also a significant fact that the si>o re-forming H.'ct'feus was always int'siml 
and made up from 0.55 to 4,4 cent of the total flora. Another 
plating made just previous to the presrait work showed that the organ 
isms were present as follow's: Ps. fluorescens. 2 jhm- cent; Ps. aiuihtus, 
less than o.i per cent; and B. cercus, 2.4 per cent. 


Table X. — Comparison between numbers of liOiHlus ««</ numbers of ariatn 

non- spore formers m JOt/ from Plot 1. So\l ani ktpt jn ikr /tiwralery, 

Series II 

iioksK 


[Cwunto inairjtt the uuialtef ol tt>lonl« jK-r ktuu d mII 



» 
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of these ta-hles show that either Ps. fluorescens or Ps. eaudatus, or both, 
almost invariably appeared on every sample plated and often constituted 
as high as 1 5 or 20 per cent of the entire flora, while B. cereus was very 
seldom observed; in fact, very few spore formers of any type were 
recognized. It must be borne in mind that these data were obtained 
from soil in which it ‘was definitely determined that decomposition 
processes were occurring. 

Tabi.e XI.— Comparison between numbers of Bacillus cereus and numbers of certain 
non-spore formers in soil from Plot I. Soil manured and kept in the laboratory. 
Series III 

HOKSE MANUKS 

[Counts indicate number of colonies per cram of soil] 


Time 
since 
adding 
manure 
to soil 

Op« pot.a 

Closed flask . 0 

Total ctiunt. 

Pi . fluaTtians . 

Pi . caudatui . 

Total count. 

Ps . Jluorescens . 

Ps , caudatUs . 

Plate 

count. 

Per- 

CT"t- 

»^cof 

total 

flora. 

Plate 

count. 

Per 
cent- 
a£C of 
total 
flora. 

Plate 

count. 

• 

Per- 
cent- 
age of 
total 
flora. 

Plate 

count. 

Per- 
cents 
age of 
total 
flora. 

Dayi . 











I 

110 , 000 , OOC 

3,000,000 

I. a 

1, 500,000 

. 1.4 

40, ooo, 00c 

75OpO0D 

I. 8 

ItOOOiOOO 

a-S 

2 . ..... . 

llD^OOOpOOQ 

6,000,000 

S.o 

5,000,000 

4- a 

183, 500,000 

10,000,000 

5-5 

35,000,000 

* 3-7 

i 

I9S, 000,000 

4,000,000 

1- 1 

35,000,000 

lA 0 

62, 500,000 

3,000,000 

a. 4 

15,000,000 

1A3 

4 

ISO, 0^,000 

6,000,000 

4.0 

13,000,000 

8-7 

75,000,000 

3, ooo, hoc 

4.0 

5p000t00o 

6-7 


111,000,000 




6.6 

33,000,000 





J 

95 , 000,000 

10,000,000 

10. s 

5,000,000 

5 a 

515,000,0001 

5,000,000 

I. 0 

I550005000 

3.0 

8 

300, 000, ooo 

55,000.000 


40,000,000 

J 3-3 

605,000,000 

35,000,000 

S-8 

15,000,000 

a-S 

9 

30, SCO, 000 

1,500,000 

4-9 

1,580,000 

4-9 

63, 500,000 

None. 

. 0 

1,000,000 

1- 6 

10 

59, 000, coo 

1,500.000 

>•5 

1,500.000 

S 

780, ooo, ooo 

Trace. 

. I 

1,000,000 

. 1 

12 

48,000,000 

3,000,000 

«-3 

5,000,000 

10.4 

67,000,000 

1,000,000 

1-5 

None. 

■ 0 

*5 

•43, 500, ooo 

15,000,000 


33.500.000 

9 3 

43,500,000 

None. 

.0 


9-3 

i8 

I30, OOO, ooo 

7,500.000 

5 - S 

7, 500,00a 

5-8 

lODj 000 | OOOj 

3 , 000.000 

mm 


.0 

Zi 

11^500,000 

1,000,000 

t '9 

1,000,0001 

J -9 

40, OOOjOOO 

None. 

■E 


.0 





7 * 





4-8 




3-9 
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• B. ctnut did not »ppe%z on the plates. 




Mar. 14. 1919 


A mmomficaiion of Manu re in Soil 29 

AMMONIFICATION by the organisms in QlllvSTlON IN STKRILUFD 
MANl RED soil. 

SOIE INOCULATED WITH THE THREE ORGANISMS SKPARATEUV 


Table XII contains the data secured when the soil inix'uliUcd with, 
pure cultures of each of the three org:inisiiis separately \nis subjected 
to the ammonification test previously described {p. All of tlie 

organisms were found to be ammouilicrs, and. so far as the iiulividual 
organisms are concerned, the data indicates that, per organism, H, ttreus 
is the most powerful ammonifier of the three. WTieii the plate count of 
B, cereus showed i7,tKX),o(Xj colonics ]>er gram of soil on the tenth day 
after inoculation, the ammonia priMluclion wiis 22 nigm. jx^r utogiu, of 
soil (Table XU, Experiment 11 ). On the other hand, a plate count oi a 
flask inoculated with Ps. ftuorcsce 7 \s showed cnUuiies jK-r 

gram of soil on the tenth day and an ammonia production of 20. jH nigru. 
per 100 gm. of soil (Tabic XII, KxiXTinicnt II); and a pliilc ctnmt foau 
a flask inoculated with Ps. aiudatus showed 220.000, (»xi c<donies fxr 
gram o^ soil on the eighth day and an ammonia production of i7.S^ 
mgm. per 100 gm. of soil (Table XII, Ivxpcrimciil II). This fai't dm-s 
not prove, however, that B, ccreus is an important unmioiiiticr in un- 
sterilized manured soil. The data already <listmssed (p. in<lif*iiii‘ 
that under natural conditions the organisms of the B, ( emu group are 
present in manured soil in very snfall nuralxis and that (he vegetative 
cells quickly disappear. 


Table XII 


^Ammonia produced by B.Cfrem and tfu non sj) 
aratily into stfriU monureJ ioil 


orrfotvurt \n^>^uiai*■d irp- 



B. cereui 

Pi. cduiditu. 

\ 

' 

/’i flmntKfnt 


ExperuAcst No. 
and time since 
inoculation. 

Total 

Quantity of 
ajnnionia per 
,00 (HI. of soil 

Total count. 

Qiuiitily '>1 

Rtiijninna jk-i 
100 i{in of M 4 l 

! 

1 

Toial 

Qiiatiti) y •*! 
aniinunia 

100 Ktn nf *^>>1 

count. 

laocu- 

laitti 

flask. 

Blank 

cini- 

trot. 

InorU' 

Uicd 

tlask. 

HUok 

tf<»l 


IniK u 

l4l«» 

(faall 

Blank 

IimI 

Experiment 1 : 

4 , 000,000 

Mgm. 
II 24 

Mom 

4 - 6 

1,400.000.0(0 

Mfm 

5 >2 

Mgm. 

.V 4 
i .36 
?■ i*> 

140, OrJO; 000 

Msm 

n 

tf< »2 

Mom. 

I t* 

> 7 t» 

4 days 

5,000.000 

10,000,000 

10. g2 
12. 56 

.69 
1. 36 

1 , 34a, ODO, 000 

I , 460. OOP. o* 


OCXS, <^jO 

ig 04 

2. 7 » 

% 44 


10, 500, 000 

17. 68 

5 44 

I, Igo. 000. COO 

U V*^ 



Experimott Zl: 

9,000,000 

7,13 

3 ' 04 

114,000, 000 

7.48 

|..iP! 


in,«io.cno 
yr, 'JOO,. «|0 ; 
, 305 ,cxw,oo 3 

j» ?6 

4 - *4 

4 <6 


5,000,000 

13 . 56 

5.08 

| 9 |, 000, 000 

^ 14 

76 00 

6. 44 

6 dflV^ 

12, 500,000 

la 7 

5 4 

194. 000, 000 

Hj 

6- 12 

»'> 

6 64 

„ M JlZ 

14 , 000.000 

15- 64 

3. 72 
6^ 24 

320, 000, 000 

906 . 000 . 000 

310 . 000 . 000 
000.000 

I7It S6C, 000 


473 , 000 . ooO 
-WO, exx* 

20 28 

r/«t 

1 0 dfly^ 

17,000,000 

33 . 00 

Jb 11 

4 4* 

17 

6 44 

12 days 

14 days 

i6 days 

15.000. 000 

31 . 000 . 000 
56. 000. 000 

|8- 62 
St. 68 

; 17 J* 

3-?2 

S.o 9 

4 . 24 

lb b 4 
fb. 4 ^ 

5 >4 

3 JO, ooa.o«o 
4^.000.600 

17 32 
14 *9 

V 44 

6 
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SOIL INOCULATED WITH A MIXTURE OF THE THREE ORGANISMS 

Table XIII contains the data obtained as the result of insulating 
sterilized manured soil with a mixture of the three organisms. In 
Experiment I all of the organisms were inoculated in approximately 
equal numbers. It is a noteworthy fact that while Ps. fluorescens and 
Ps. caudalus showed capid development and were always present in 
large numbers, B. cereiis »ev«r developed upon the plates and showed 
a \ ery rapid d^rease^^m the number of vegetative cells present in the 
smears examined under the microscope. 


Table XIII. — Ammonia produced by a mixture oj B. cereus and the tuo non-spore 
formers inoculated into sterile manured soil 


* 

Total count per cram ol soil. 

Quantity of aminotiu 
per 100 gm. of suU. 

Experiment No. ami 
time since inoculatioti 

' ! 

Pf /Ivnrrstrns. 

j Pf, caudatus 

B. cereus. 

InocU' 

latcd 

fia&k. 

Blank 

coatrol. 

Expkrimbnt I: 

0 days 

02,573,000 
340, 000, 000 

** 2, 406, OOO 
80^ OOO, ooo 

** 3 , 380, OOO 

»| 

Mffw. 

Mffm. 

4 days 

19 - 52 

5.88 

6 days 

220, 000, 000 

390, ooo, ooo 


19. 56 

4-8 

8 days. 

11 days 

loo, 000, 000 
75, ooo, 000 

7x0, ooo, ooo 
930, ooo, ooo 


20. 4. 
14. 96 1 

5- 08 
4. 76 

' 13 days 

j bo, 000, 000 

880,000,000 
870, ooo, ooo 

31 . 12 

5. 08 

15 days 

[ 90, 000, 000 

y 

*7- 52 ! 

No test. 

17 days 

80, 000, 000 

865, ooo, ooo 

.g 

3 a 36 

No test. 

19 days 

Experiment II: 

0 days 

80, 000, 000 . 

i 

**80,000 

2 50, 000, 000 

, 730, ooo, ooo 

<* 640, ooo 
1, 190, ooo, ooo 

n 

f* 3, 600^000 

3 b 

19 * 5 ^ 

1 

No test. 

7 days 

15.96 ! 

7.13 

9 days 

130, 000, ooo 

I, 030 , ooo, ooo 

■0 0 

18 . 2 

. 7-48 

15 days 

80, ooo, ooo 

860, 000, ooo 

III 

31 . x6 

5 - 92 

33 days 

140, ooo, ooo 

590,000,000 

31.^3 

6. 13 

27 days , . ■ ■ ■ 

195, ooo, ooo 

430, ooo, ooo 


19- 53 

6. 13 

’30 days 

50, ooo, ooo 

330, ooo, ooo 


17.36 

6. 32 

31 days 

60, ooo, ooo 

i 

390, ooo, ooo 

«5-96 

6. 13 


* Computed fnjni the number o( orsattisms in the inJusien used lor inoculetkm. 


Despite the very evident fact that B. cereus was not active in the sam^ 
pies tested, the amount of ammonia produced was quite marked. Thjs 
was a strong indication that the ammonia produced was due to the 
■activity of the only other orgaJusms present, Ps. fluorescens and Ps. 
caudatus. In Expeiiment II the organisms were inoculated in the 
proportion of i individual of Ps. fluorescens to 8 of Ps. caudatus to 33 of 
B. cereus. Even with such a favorable start as this, B. cereus again failed 
to dex'clop^on the plates and showed a rapid decrease in the number of 
vegetative cells present. The deeree of ammonification was marked 
also in this series^ 

Throughout the entire series oi ammonification expieriments a cor- 
relation seemed to exist between the time that had elapsed since the 
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inoculation of the soil and the amount of anuuunia iiukUktiI rather than * 
between the number of organisms present and the ammonia pnKlueiion. 
The tests were continued until tlie apex of ammor.ia poKhioiion was 
apparently reached. After this ix)iiu luid Ixan nxiched, a stead v 
decrease in ammonia production was noted, reg'ardU*ss of the luitnlKT of 
organisms present. This was undoubtedly due to, the <lepleium of 
available organic niattcr. 

Disci'vSSKA' OF Rt:sn.x;> 

The heterogeneous nature of soil, the great variety «)f nrganisins prestmi . 
and the varying moisture content are all factors wliicli make it j)nie 
tically impossible to caniy on a study of aimuoiiifieation in the st»il 
under absolutely natural conditions. In order to ctmirol thesi' things 
and to obtain comparable data, it is necessary t(> bring the vul into 
the laboratory for study. This introduces a dilVieiiliy, in that eonditiems 
governing the activities of organisms in the lalx»rat(»ry are generally at 
wide variance with conditions in the natural environment of tlu-se 
organisms. The reason for this variance is twohild: l-irst, lalKiralory 
media may often be decidedly different front the wnl in whieli the organ 
isms are native; and second, the organisms in pure culture, as they are 
generally handled in the lalxtratory for purposes of control, do not 
behave as they .would in competition or in association witli the other 
organisms normally present in the soil. These artificial conditions must 
be kept in mind in considering the results obtained in the jtresent work, 
but despite them there was one striking relation which Invariably held 
true: the spore forming B. cereus never multiplied in manured soil with 
any degree of rapidity, while Ps. fliwreicens and Ps. caiuiatus always did 

The data indicate that in soil where little organic matter is present and 
the processes of soil decomposition arc practically at a standstill the 8|xjre 
former B, cereus occurs much more often than do the non-spore formers 
Ps fiuorescens and Ps. caudatus. When organic matter in the form o 
manure has been added to that same soil, however, and the processi-s of 
decomposition become active, the character of the flora changes entirely 
■ and Ps nuoresems and Ps. caudatus predominate over B. ceteus. But 
the proof that these non-sporc formers are the imi>ortant arnmomfiers in 

manured soil is decidedly difficult to secure. 

As Conn (7 p. 254) has ‘previously i)ointed out. there are four points 
w^h mTst we can show conclusively that an v 

particular chemical transformation in tlie soU is due to certain organisms. 

tranrformation under inve«.gaUon LL *dl in which the cherald 
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nquircment, however, can ordinarily be carried out only by inoculating sterilized 
soil, a procedure which does not give rigid proof, but which is fairly conclusive if 
carriedout in connection with the other three requirements. 

The data printed above offer fairly conclusive proof that these con- 
ditions have all been fulfilled by the organisms in question. The first 
step in the proof ijiay be found in Tables IX, X, and Xl^fwhere it is shown 
that one or both of the non-spoae-forraing organisms are always presenb 
in active form in manured soil in which ammonification is occurring. That 
the second requifement is fulfilled is shown by Tables VIII, IX, X, and 
XI, in which it may be seen that the non-spore formers Ps. fluorescens 
and Ps, caudatus occur in much greater numbers in decomposing manured 
soil than in the same soil before the manure haj been added, and that the 
spore former B, cereus occurs in great abundance in the soil before adding 
manure, but disappears almost entirely after manuring. The isolation of 
pure cultures, the third step ii^ the proof, needA no comment, while the 
fourth is fulfilled, as seen by reference to Table XII, where it is shown 
that pure cultures of the organisms have the power of ammonifying 
mlnure in soil. 

On the basis of the data obtained there are therefore no good reasons 
for believing that the spore-forming organisms play an important r6le in 
ammonifying manure in soil, and there is very good evidence that the 
non-spore formers Ps. fltwrescens and Ps. caudatus are of primary im- 
portance in ammonification in manured soils. 
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' II —TAXONOMIC STUDY' OF TWO IMFOHTANT SOU, 
AMMONIFIURS 

Ry H. J, CosN 
DlSTRllUXiON 

The preceding section of lliis paper is fonceriioti witli the ainnionify* 
ing powers of two soil bacteria, Pseiuiom<nui^ jiuoti vreMT (Miigge) Mi^nU 
and Ps. caudalus (Wright) Conn. Both of them are In-lieved to Ik- verv 
widely distributed in nature. There is no (iiieslioii as to lire wide distri 
bution of Ps. jitwrescfns, because it has brrn desr'rilred anaiit and »(;aiu 
by previous investigators as ix-eiirring in various hx-alilies. this, or 
some other similar organism, lias beat found most treiiuenlly in soil and 
in water; but has also been reported in air butter, maple snp, and oilier 
substances. It has been observerl by the present writer in praelieally all 
soils investigated, especially in soil that has been amated or manured. 
Ps caudalus is probably equally widely distributed; but the dillieulty in 
recognizing it from published descriptions renders the literature eomrin- 
ing it of doubtful value. No references to similar organisms m soil have 
been found, but various writers have deseritx'd yellow or orange liqiiefr ■ 
ing bacteria found in water, some of wliieli are imdoi.bterllv the samr- as 
the organism studied here, Water was the source of Wright s ll.u i//.<r 
caudalus. The writer has observed it in water and m many soils. 

especially in freshly manured soil. . e 1 1 „ 

^ aid in the identification by othr rs of these two organ, sms stud ed by 
Bright, a’detailed investigation of their physiology and cnltiiral eh.r,.r. - 
teristic has bern made, and the charac-terislies observed have laeit 
compared with those described by other writers, d he following palw- 
contLs a description of .liese characteristics and a d.s. ussion of tl.e 
probable relationships of these organisms m others. 

PSEUDOMONAS rLUOHKSClCNS 

Pseudamonas fluoresecus (Idtigge) Mignla (ryoo. f'- 
\^uVm,Lu6 p ,89} a^'diacmsliuarnacsluiw lacuna I he 
senbedby Tlugge t/o, p VJ pi,^i„iv spe-eified as a 

description is rather meager, bnl he , 

-otile short rod hque ymg ^^n^Tbrnlr^h growth on ,«.alo, 

greenish-yellow lluoresccnft, p rn-oerial. This descriiition 

and occurring in water an m f«K.,i<i„monails, even if 

indicates beyond quest.on the ^ ,.,,iri,*n „t this Ixarlc 

tbe exact sp^ies o^ 

{Kruse, 26. p- 292)^ o.s try 1 to 2 u \ no s[xir<-,r 

Kruse further 


folS additional information: 

Gramstainnegative; optimum temperatur. 20 to 25 
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makes the statement that tf all small deviations were designated as con- 
stant characters dozens of species must be established.* 

The organism is much more fully descHbed by iehmann and Neumann 
(29, p. 272) under the name of Bacterium fluor^scens (the adjective 

liguefaciens*' dropped to avoid a trinomial, and placed in the genus 
Bacterium because these authors placed only spore fonpers in Bacillus). 
They state that it is identical wi|h B, pyocyaneum in all essential charac- 
ters.* It is described as having polar flagella. B. pyocyaiieum is described 
as producing no indol, hydrogen sulphid (H,S), nor gas from dextrose, 
but as converting nitrate into nitrogen; from which it is to be assumed 
that B. fluorescens agrees in these characteristics, although nothing defi- 
nite p said on the subject except in regard to indol and hydrogen sul- 
phid. Migula {jS) placed this organism in his genus Pseudomonas, 
created to contain the rods with polar flagella. Migula describes Ps. 
fluorescens at SOTie length, but lays greatest stress on cultural character- 
istics and adds little of importance to Kruse'S description. Migula 
gives its diameter as about 0.68 /t. 

Many other writers have described the same or some similar organism. 
Many different names have been given to fluorescent bacteria from time 
to time, Tanner (49) havii^ recently stated th^t 95 different names had 
been found in a search through the literature. Many of these names are 
trinomials or worse, *such as Bacillus fluorescens ^putidus Flugge (16), B. 
fluorescens liquefc^iem fninutissimus (Unna) Tommasoli (14) ; but others 
have conformed to approved rules of nomenclature. The greater number 
of the fluorescent organisms have been found in Dfeter, soil, or decaying 
organic matter; but one of the best known forms, the pyocyaneus type — 
more correctly named “Pr. aeruginosa (Scfaroeter) Migula” — causes blue 
pus. As mentioned by Kruse (26), there is great variation among these 
organisms, and if each variation be taken* as a constant characteristic 
an almost endless variety of spades could be immed. This fact natundly 
raises the question how many of the names found in the literature are 
valid and how many are really synonyms, having been applied to mere 
physiological variations of a previously described species. Even the blue- 
pus organism is thought by some writers to be identical with the sap- 
roph)riic forms. We have not yet sufficient data to straighten out com- 
pletely the resulting confusion, but a careful search through the literature 
throws a little light on the matter. The information accumulated during 
the present work has made it possible to review this literature more 
intelligently ^an cot^ have been done otherwise; and it seems well, 
therefore, to summarize the writings of others in regard to some of the 
more important fluorescent organisms. 

> Wcna nua tHe kldncn Abwcichuneoi^ XccsUntc Mtrkmak auftassen «oUte, mOsste man DnUeode 
TOD Aitcn fufstclkn. 

* ■ AJlefLWtMiitlicbcD Ei<coschait(S. 
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bacterium tkrmo 

The name ^Bacterium termo (Muller) Hhrb." was bv' I;lucnlH*rg 
to what he considered the Sfonai Umo of 0. F. Muller (j^). The 
same name was used by various writers during the next xhrtt or fuur 
decades to designate almost any motile rod found ubimdantly in dcvuvuig 
orgamc matter. Finally Cohn {4, p. rpft) described Jl irmw jis a grmi 
fluorescent organism obtained from decr)mposiiig seeds by making a st ries 
of transfers ifito tubes of Cohn’s solution.^ Fy inemis nf this same itvhnic, 
a culture has been obtained agreeing fairly well with Cohn's organism, a 
vigorous denitrifier * differing from all other fluorescent pseuilonionads 
investigated here. Smith (47, p. r7o), however, used this technic and 
obtained a green fluorescent organism differing distinctly (in failuit to 
liquefy gelatin and in having but one instead of two flagella) fonn tbe 
one found in this laborator)\ It seems doubtful, therefore, whetlicr 
Cohn’s organism actually represents one or several speiics; and as there 
is some question as to whether he was justified in his rtnendatiou of the 
species, the name is not used in the present bulletin. 

Van Iterson (23) described a nonliquefying, fluorescent dcnitrifier (H. 
denitrofittorescens) which miay perhaps be the same as Smith's "H. Urmo,‘' 
or closely related to it. Other fluorescent, denitrifying bacteria ha\e 
been described by Severjn (45, 4<i) and by Jensen (^4). It is evident, 
therefore, that in the group of fluorescent pseudomonads there are certain 
denitrifiers, one or mori of which are es])ecially adapted to growth in 
Cohn's solution. Severin and Jensen used the designation ‘'BaciHus 
pyocyaneus" or “Bacicrium pyocyancum’* for tlieir fluorescent denitri- 
fiers, so it is necessary to review the Ijjerature relating to the pyocyaneus 
type of oragnisms. 

PSEUDOMPNAS AERUGINOSA 


Pseudomonas aeruginosa (^hroeter) (44, p. 157) Migula p. ^<?4), 
or Ps. pyoc^anea (Gessard, FluggeY Mi^Ia (1900, />. ^9), ‘the hluc^ 
pus organism, has long been known, but thire has been much confusion 
as to its name. Many writers have used the specific name "‘pyocyaiwus^ 
although others have recognized the priority of aeruginosus . Bacillus, 
Bacterium, and Pseudomonas have all three been used as the generic 
name, according to the generic definitions adopted by different 
authors. The name "aeruginosa" seems to be correct. 


■' The fennuU ol this solution i*: DistflW waur. cc ; -.vl 1 ; 

mSsimii«dpbate(MgSO.), 5 0" ^ wMtmioa urlrrte ; poU,«um 

wS’" ■ in thi. P.W i.n«=l «i«iv afl.» niUnffn lr«» 

nitrite, not to the roluctlon al nitrite to nitrite or lev it 

(^\ ic asthetutboroitheteng pr<r*nwu, ahb«i«h h* diH oat ewplw ft 

in uwnomic and .pprentjy tefmed lo «, «t,rHy d.flermi 

The first cofTCrt use the name t>yoiyoMui Iw the tnieblue<»« offwiwn ^ 


I by 


'1'-^;.1,™eneUtn,eolthi,cr»ni.n.i.tol.edi.en-eJin.p.t«.t.,R S B.tri ^ H, J. Com, rtki 
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Gcssard (21) made a comparative study of this organism and some other 
fluorescent organisms. He concluded that it produces two pigments: a 
yellow-green, water-soluble pigment, and a blue-green, chlorctfonn-soluble 
pigment, which he called “pyocyanin.” He claims that it differs from 
B. fluorescens liquefaciens and B. fluorescens puiidus nonliquefying 
type), as neither produces pyocyanin. Lehmann and Neumann (29, p. 
272), however, claimed that the two organisms differ only in the intensity 
of the pigment, and remark concerning B. pyocyaneum that according to 
their conviction, this organism can not be sharply differefltiated from 
B. jinoi^scens} The opposite conclusion was reached two years later 
by Niederkom (40), who studied a series of fluorescent cultures from 
various sources and decided that the fluorescens type and tfie pyocyaneus 
type are distinct, although each has numerous subvarieties. states 
tliat the flagella of the pyocyaneus type are well defined,* but those of 
the fluorescens type are not ; that the former takes the Gram stain more 
definitely than the latter; that the formW grows best at 35° C., the 
latter at room temperature, ! The contrary opinion is expressed by 
Rfiii^ka (42, 43), who mentions these and other differences (except in 
regard to the Gram stain), but concludes "that they are not constant 
By cultivating the fluorescens type at 37° he obtains cultures of the 
pyocyaneus type; by growing the blue-pus organism in water,* aerated 
with sterile air, he obtains cultures of the •fluorescens type. Later 
Lehmann and Neumann (jo, p. 4/1-41^) continue the discussion, referring 
to the differences between the two types, laying considerable stress on 
the denitrifying power of the blue-pus organism, but repeating their 
earlier statement that one type grades imperceptably into the, other. 
Thej^did not find either organism €ram-positive. Finally, Pribram and 
Pulay (47) made a study of the fluoiescent group by serological methods 
and found it apparently to consist of several different species, B. 
pyocyaneum appearing distinct from B. fluorescens, although closely 
related to it. 

The ability of the pyocyceneus type to convert nitrate into free nitrogen 
was apparently first mentioned by Lehmann and Neumann (29), who 
do not, however, mention the source from which the culture they studied 
was obtained. The following year, Weissenberg (51), apparently at 
the suggestion of Lehmann or Neumann, made a further investigation 
of Pyocyaneus cultures from various sources, finding them all to be 
denitrifiers, while observing this ability with no organism of the fluorescens 
type. The same year Severin (45) wrote a paper on denitrifiers obtmned 
from manure, one of which is fluores^nf. This fluorescent culture he 
calls B. Pyocyaneus, but does not show it to be the cause of blue pus. 

One striking fact in this connection is that no one seems to have found 
a Gram-positive Pyocyaneus culture which denitrifies or a Gram-negative 


^ Den Orsantsjnus scharf ECKen B. fluortseeiLt abzucreiuen, Eeht nadt ttnserer UeberzeoEtmg oidit an. 
* Wohl aiisg»(tf&Ete. 
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one winch does not^enitrify. Thus^* who rrih.rl dmii jiticutiou cithci 
state the organism to bo Oram-nej^alivo (as do holniiann and Niaitnunn) 
or else make no statcniont in rok^^rd to tlu* t'.iaiu s!aiii riiosc \\lu> 
have found it to be Grani-j)ositive havo not studied its aciinn on niiiutr. 
This suggests that two dilToront organisms, one Grain iKJsitive and 
pathogenic, the other Gram-negative, denitrifying, and probahlv sapfo- 
phytic. If this be the case, the former is more likely to*U* diMinet from 
the fltiorescens type than the latter. 

PSKUDOMOXAS mn'IHA 


Psetidomonas p 7 duh (Plvigge) Mignla (j.V, p. gi 2), The name " /kinV/u.c 
fluorescens pfiiuiii.^'' * was given hy I'lvigge (10) to the nonlitjiiefving, 
fluorescent type of organism. Kiscnl>erg (i.;), In-sides this name. ust‘d 
the name "S. ffiiorafcens notUuiwjdcu'tuK” for what he eonsidi-rs a dlf 
ferent organism, and in this is follnwefi by Krnsi* and Migula {jS), 
the latter discarding the poKmomial and renaming it "/Vv. 

Lehmann and Neumann (jo), however, do not consider it a disiinei tyjje 
and Ps. putida is the only nonliquefying species eonsideied to dav to 
have good standing. 

Whether Ps. puiula alW Ps. fliuyresa'nx are distinct is alst> a (inesiion 
that is not entirely settled. lA'hmaiin and Neumann do not (piestion 
that they are distinct. Pribryit I'til^iy WO* 
serological studies, conclude that they are not only distinct but that 
they stand the farthest apart of any f)f the Hnoresc'ent cultures studied, 
Edson and Carpenter (/,?), however, consider that there arc y) many 
gradations between rapid liquefiers ami noiilitjuefiers that this chariC- 
teristic can not be used to distinguish between sj^>ei'ies. 


NUMHI'Tt OF FIX’ORI'SCHNT nACTliltJA 

A summary of the literature, therefore, gives no s;itisfaclion in .lecnl- 
ing how many different pseudoniomids ix.ssess the pro|«Tty of pr.xlin .ng 
fluorescence In culture media. Some writers consi.lcr them all the 
same; others make two or three difleront S|K'nes; still others H-licve 
there are several species; while, if we conshler every name a -hslinct 
species, there are a hundred or more. A study of the literature, however, 
indicates that there are four or five ty,«^ stamluig out more .ir less 
distinct from each other: (.) /V airrey.iuna, Ihe hiue-pns 
Gram-positive, rapidly liquefying organism, pr.xliuiiig the blue ,re«. 
pigmenV pvoeyanin in addition to the flnorc-xe.it pigniei.t , and ,x,ssi bly 
Lacing nitrate to nitrogen. (2) Ps. /Wei«n., a (.raiii-negative, 

rapidly liquefying saproj^yte.^owing prxir growth or none .1 .(/ ., 

1 It. tbe third editign gt ''S '»■' 'Ol,.*™* ’ 

misprint or mistake in spcUina, bee to use Mi -tiU in rmwnine tSr iKranitm UAUm 

shoS pUioly that ’ the word « J 0,). Lcb- 

K^sg's caUinr it • 

mano and Neumann ()<-), and Chester n 

106.546^-19 ^ 
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and unable to convert nitrate to free nitrogen. A Gram-negative, 
rapidly liquefying denitrifier, such as described I.^hmann and Neu- 
mann as Bacterium pyocyaneum. Whether these authors worked with 
the true blue- pus organism or not, there seems to be an organism of this 
description that is different "from the true Ps. aeruginosa. Several such 
cultures have been isolated in this laboratory, all of which fail to show 
pyocyanin even when grown in nitrite broth (the method described by 
Hisenberg (/y, p. 470) as showing the prqduction of this pigment to 
advantagej and extracted with chlorofonn. These cultures have dif- 
fered ^nong themselves and may represent several varieties. Un- 
doubtedly the B. pyocyaneus of Severin (45, 46), Jensen {24), and others, 
who studied denitrihers from manure and soil, was an organism (or 
organisms) of this type rather than of the true pyocyaneus type. (4) 
A nonliquefying denit rifier described by Van I ter son (25) as B. deni- 
trofiuorescens^ which is probably distinct from the above and from the 
following, although it has not been studied here. (5) Ps. putida, a 
nonliquefying organism unable to denitrify. Although some writers 
seem to think litpefaction an unsatisfactory basis for the separation of 
these species, there seems no chance for reasonable doubt that an organ- 
ism unable to liquefy after six months is diffirent from the very rapid 
liciuetiers studied in the present work! The difficulty in making this 
distinction may perhaps be due to th^ failure to distinguish between 
tme licpiefaction by the livdng cells and slow digestion of the gelatin 
by enzyms liberated from the cells after death. 

Further investigation is necessary l:»efore it can l>e decided whether 
these five tyt>cs represent different varieties of the same species, five 
separate spjecies, or even five different type species about which distinct 
groups of species (perhaps genera) should be gathered. 

CHARACTERISTICS OF TYPICAL FLUORESCENT ORGANISMS 

Morphology. — Small, short rods, not much over 0.5 n, 01 perhaps, 
somewhat smaller; no spores; a few flagella in a tuft at one pole; Gram- 
negative. (A few fluorescent spore formers have been described, and 
Edson and Carpenter (rj) mention a weakly fluorescent peritrichic rod; 
but these are apparently unrelated organisms. The pyocyaneus type 
has been described as Gram-positive.) 

Cultural characteristics. — Growth on agar smooth, soft to slimy; 
on potato smooth, brownish, medium discolored. Nearly all other 
cultural characteristics vary. 

Greenish fluorescence is the most striking characteristic of the entire 
group, bu^ it is not a constant characteristic. It is produced in some 
media and not in others. Gessard {21, 22), Lepiere (yi), and Jordan 
(ay) have studied the ability of these organisms to cause fluorescence 
with rather discordant results. They, differ considerably in their con- 
clusions as to the composition of the medium necessary for the produc- 
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tion of this piginenH The reastii\ for ihis (.hkrepaiiev may N* \i\ part, 
as suggested by Jordan, brt'ausc of dilVu'nhy in ohtaininn abMiluu-ly 
pure chemicals; but it is undoubtedly also due to the van i 11^ Ix-havioi 
of different vaneties. It has lx‘en obsiTveU in the eonrx of the jufviU 
work that two different strains may l>eha\e exactly the opivosite, >o fai 
as concerns theii ability to prcxhice Ihiore^t'cnce in inie or the othei of 
some two media investigated. Any one stcain, nuneowr, mav \;wn c?n> 
siderably at different times in its ability to ])todncc lhi<uvsi.TiKv. One 
particular strain has l>cen studied in this labmaioiv whidi wa^ thou>;ht 
to be Ps. fluoTCsccns' when first obtained from n>II, altliongh not sho\\iug 
fluorescence; but after having Ixen cult iv.i ted for several general 
on a beef-extract-jH.‘ptone agar cont tuning 0.1 per ci-nt of mtr.iie, it 
gradually became fluorescent, and at the lime of writing is i‘iie of the 
most strongly fluorescent eullnres in this laboraton iAn‘*thii sub- 
Strain of this organism, kepi growing meanwhile on the .ame ag.o with- 
out nitrate, has develojusl no Ihioresceiue ) A similar pluaatim non wa^ 
observed by Severin (.; 5 ) np‘>n cultivating a deiiilrilMiig Mrain m latiate 


broth. 

The strain used in Ilrighl's experiments as reported in tin- hist Mcdoii 
of this paper was always found 'to cause (Urided flnoreM enee on all 
ordinary media. 

Relation to OXYOEN.-Apparently all of llie group me stru llv ano 
bic This is certainly true of all that have been slndu-tl lu te, 
Liquefaction of oELATts.-Tvpical /'v. jluonu , av is a ^e,v 
liquefier. Slow liquel'iers are coniiiioii, as shnwii l.y loKnn .mk a,p< ii 
ter (r,), although but few have Ix-ru f-nuul iu .l,,- w,„ N.u 

liquefl have been observed -xcasioually in the s.uls |K- ; < 

The gelatin colonics of Hnoreserent organ.sn.s va,v ‘y"'''"'' ' 
ramditv of liquefaction. Typical l>. po.dn.vs a ,.,..dU 

liquefying colony with entire edges that liquefies the eiilne plale m a 
ewt ? The strain studied in tias work prodneed a c o ,nv o, I s 
fy;e al^o characterized by its clear S.nic.ureless ceiUer; .Inore.e.ue 

was sometimes present, somethnes abse nt 

AMMONmcTlON-Ammoma - F" ' ‘ 

flnore^ent :;;:/;;:Le„nnonir,eat,^ of a.-aragin by a 

(7) has made a careful 

fluorescent hqnefier^ agree g 

work; and has found that it ca^sip 

compound into ammoma^ i,‘,^'',^i'T,\p,,arentW no lluoiesceiit organ- 
ACTION ON SUGARS A,sn ■- i ' . or glvcarin. Ne.arly 

ism has been p, Educed from de,slrose, but in regard 

to other sugars the arc nwaningless results. 

^htVa'nnr?" rd^HOson and Carpenter (r,. Isah determine ar id 
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production by titration, the latter writers titrating hot, a procedure 
which Clark (j) has shown to be illogical. Tanner finds acid production 
only in dextrose, while Edson and Carpenter find it common with the 
other sugars, undoubtedly because the H-iou concentration is increased 
by heating the culture previous to titrating. 

Blancheti^re j[7) avoids this error by using litmus agar. He finds 
afid produced from dextrose, and levulose, but not from the disaccha- 
rids; but as levulose is a difficult sugar to purify, and as Blanchetiere 
says nothing about the source of his sample, he leaves some doubt in 
the reader’s mind as to whether it was actually free fr9m dextrose. He 
distinctly states that lack of acid reaction in this medium does not 
mean failure to produce acid, but simply that not enough acid is pro- 
duced to neutralize the ammonia formed from the peptone. This shows 
Blanchetiere realizes another source of error, but feels unable to over- 
come it. Plainly, with these two sources of error, the data in the litera- 
ture as to acid production by fluorescent organism are not reliable. 

In the present work Blancheti^re’s technic has been modffied by 
using bromcresol purple in place of litmus as an indicator. The result 
has been in practically every case to find acid produced from dextrose 
and sucrose, but not from lactose and glycerin. The strain studied in 
Bright’s experiments, above reported, showed these reactions very 
constantl);. A synthetic medium containing ammonium tartrate as 
its only source of nitrogen * was then used in an attempt to ovei^ome 
the error resulting from the presence of peptone in ordinary agar, and 
somewhat different results were obtained. Even with this method there 
was no agreement in the results obtained with the different fluorescent 
organisms. The sliain used by BrigHt showed acidity from dextrose 
and sucrose, the latter reaction disappearing after the first day; while 
another strain agreeing with it in every respect showed strong and per- 
sistent acidity in sucrose as well as dextrose. The conclusion was reached 
that Ps. fiuorescens produces acid from both dextrose and sucrose, but 
that with the latter sugar the acid production is likely to be obscured by 
other activities tending to lower the reaction of the medium. 

Ruduction of nitr.\T!v. — The literature is full of conflicting data in 
regard to the action of flulfescent bacteria on nitrate. There are several 
different possibilities: (t) Redaction to nitrite; (2) reduction to nitrite, 
then to ammonia; (3) reduction to ammonia without appreciable accumu- 
lation of nitrite; (4) reduction to free nitrogen — namely, denitrifica- 
tion; (5) assimilation of the nitrogen of the nitrate, with or without 
•pre%ious reduction. It has not proved possible to devise a simple test 
to distinguyih with certainty between these five different possibilities, 
hence, the confusion. 


* Hie fonrmla of this metliuni was: Distillwl water, i.ooo cc.; aRar, 15 rid.; caldiun chlorid (CaCli\ 0,5 
nn ; potassiiun phosph.atc fKiHPOO, © s «m.; anunonium tartrate I(Nm)iC 4 H 40 wJ, lojim.; with 10 gw.; 
of the sugar (or glycerin) under investigation. 
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Conversion into free nitrogen is the to tletenniiu-. It has 

already been seen that fluorescent denitrilieni liave Ixen (los<.'nlK‘d iu the 
past. Here, they prove to be common enough in s^nl to W ohiained 
frequently from ordinary soil culture plates. Neither hMson luul Car 
penter (15) nor Tanner (.^9) found any among the various cuitims they 
studied; but they both used nitrate broth cunt;iining onlv o r jht t'cin 
of peptone, in which appreciable gas prtxlneiion has never Urn ohsi-rvcxl 
here. Most vigorous gas production has been ohsta\od in broth or 
agar containing i per cent of ix‘plom\ Typical //won h cm, how- 
ever, has never been found to convert nitrate into nitmgen. 

Conversion into ammonia is ordinarily iin|>ossil)le to demonslmte by 
any simple test, because aiiinionia can l>c inodnetal from any nitrogenous 
substance, and some organic nitrogen is ordinarily jrrestml in media, 
Conversion into nitrite is easy to demonstrate, proviiled the organism 
investigated does not convert the nitrite iniu anmionia or assimilate it 
as fast as produced. P.f. fl nor c seen ^ is generally consitlerwl to prixlnee 
nitrite, but Franzen and bohmami (f<V) studied two strains of wliat were 
presumably Ps. fiuorescijis wathoul observing any action at all on the 
mtrate. Certain strains of fluoresc'Cnt lictuehcrs have be<‘n sludi(‘d here 
which produce no appreciable amount of nitrite in me<lia containing 
peptone or ammonium chlorid, but produce ennsiderah^ nitrite in 
■ an agar containing no nitrogen exccjit potassitim nit rale. ‘ One strain 
has been found which does not produce nitrite (nor ammonia) e\eu on 
the latter medium. This suggests lliat Sf>mc strains of 
lack the ability to produce nitrale, wholly or in part, ami never attack 
the mtrate in the presence of more readily a\:ulable nitrogen. Ibis 
may explain Franzen and Lohmann’s findings {iS). 

The question naturally arises w’liclhcr tliose organisms llial ])r<Kluce no 
nitrate in ordinary nitrate media constilnl(fa different sjieeies from typical 
Ps. fluorescens. So far as tested, these diirerences Ixtween the strains 
have proved constant. Neverlhelcss, the different strains agrex.- in all 
other particulars investigated, and the data at hand arc not a.nsulered 
to warrant the establfshment of separate six-cics. As tyincul /h. 
flucyrescens is generally considered to pnxluc^ nitrite in mtrate broth 
the strain selected for Bright's woik in the preceding section was one 
showing considerable nitrite on all the nitrate media mvestigatwJ. 

DiastaTIC action on STARtn.-This test was made hv the me luxi 
of Allen/ streaking the cultures over a plate ot agar . ontammg vihible 
starch, and flooding wath iodin after sc-ven days. In general no d.ges^ 
Uon of the starch was observed, although y>me of the cultures se.cmed 
to show a very narrow zone around the growth wfiere the slareh had 

disappeared. 
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Action on mii^k. — Digestion without previous coagulation. 

Production op indol. — S tatements in the literature are discordant. 
A number of different strains of Ps, fluorescens have been tested here 
for indol production, a feeble or moderate reaction having been obtained. 
The test is not considered to have much significance. 

BRIEF SUMMARY OF CHARACTERISTICS OF TYPICAL PSEUDOMONAS 
FLUORESCENS 

In the following summary the characteristics written within paren- 
theses apply to typical cultures only (including the strain studied by 
bright); the other characteristics apply not only to typical cultures but 
to all the cultures studied of the fliwiescens type — (that is, type 2, p. 337). 

Morphology: Short, lophotrichic, Gram-negative rods about 0.6 n in diameter. 
No six>res. 

Growth ox agar; Soft, smooth, with greenish fluorescence if conditions are 
favorable. 

GklaTin colonies: (Large), liquefied (center structureless), edges entire. 

Relation to oxygen; Strictly aerobic. 

Ammonia produced from organic nitrogenous matter. 

Acid production from dextrose and sucrose, but not from lactose or glycerin. 

Nitrates reduced to nitrite (in peptone media containing no nitrogen except 
the nitrate). 

Diastatic action on starch; Weak or none. 

Milk digested without coagulation. 

PSEUDOMONAS CAUDATUS 

Pseudomonas caudatus (\y right), {33, p. 444) Conn has been recognized 
by the w^ritcr for a number of years and has been mentioned in previous 
publications (5, 7-rr), but not named. It is now believed to be 
identical with Bacillus caiulahis Wiight. Earlier surveys of w’ater 
bacteria by Frankland (r7),*Tils (50), and Zimmerman (54) contain 
descriptions of orange or yellow* liquefying bacteria, but they are either 
meagerly described or else show marked differences from the organism 
studied here. The identification with Wright’s organism is based pri- 
marily upon a color plate showing the gelatin colony and upon his 
description of the inorp^jplogy. He describes the morphology of the 
organism as follow*s (5^, p. 444 ) : 

A rather small, Render, nonmotile bacillus, with conical ends, ofccurring often in 
pairs and in longer forms, sometimes threadlike, which may show irregular segmen- 
tation; no spore formation observed. 

His illustration of the colony agrees well with the present organism as 
to structure and agrees as nearly with the shade of orange observed as 
could be expected in a colored plate 20 years old. Although Wright 
docs not give the ^ize of fhe organism in exact figures and calls it immo- 
tile, there is little question as to its identity. 

MORrHOLOGY. — Ordinarily the organism is a ver}^ slender rod, so small 
that its diameter is difficult to measure with the ordinary microscope. 
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It is about 0.2 fx in diameter. Its leie^ih is ordinarily ulunit j but. 
as stated by Wright, longer foniis occur. 'rheM‘ rods slain solid with 
the ordinary bacterial stains, such as fnchsin or nielhvlene blue; Imt wiih 
the more delicate dye, rose Bengal, they appear to Iv uwde up of ilnv 
granules. Cultures a few days old are soinetinies made up wludly of 
these granules, each. about 0.2 ii in diaimter. isuch a ihepauitiun looks 
like a very tiny micrococcus. Cultures of this sort ha\ e pmved ti> U* idivi- 
upon transfer to fresh media, but whether the granules are capable of 
growth or whether the iiiultiplication is carried on hv a few sliav i^kIs 
present in too small ninnlxTSto l>eobscn’ed under the niieroso>pe is still 
an unanswered question. This suggests very stronglv Udmrs and Smith ‘s 
idea (?5) as to life cycles among bacteria, but as yet u lias not ]uovetl 
possible to find whether that is the true explanation of tliis eas.-. 'Hie 
granules may lie degenerate fomis, a jiossihility suggested hv ilie Tai>idit v 
with which cultures die, or the organism mav be actually a cmaais 
that has a tendency to produce short chainsor tilaineulsin young eultuTi-i 
The majority of the cultures show no motility, although (Kvasionallv 
one is obser^xd that is distinctly motile, ddiis undoubtedlv explains 
why Wright (55) called the organism immotile. An nUa of the diOe 
culty in studying motility can be o1>mined from tla^lrouble oncnuntrir<l 
in demonstrating flagella on the strain us.d in Bright’s work 1 his stiain 
was kept under observ^ation for a few months without o1i|.-.vmg unv 
motility, wdien at last, quite tmexpixtedlv. a dislincilv motile eull me of 
U was obtained. On the same dav two other strains, prevmusly sli.nvmg 
no motility, were found to lx* motile. No apparent rx.tson eould U 
found for this sudden development of rnotihtv, which pcisist.d ti.roug . 
at least three or four generations. Meanwhile tlage a ]>n para mus wt 
Ide from 11.,- strain used l>y liriKh. in tlu- work .v,.,,,,-.! alr.v... and 
one or two organisms were observed j' . 

flagellum is rather long in comparison to th. l..i,ll, nl i . 

Three strains in all have txin siiee . » .i,,.., ll„i„ , ,,. li. 

ent organisms J rioi.iie.i'.gmi.l.s 1»" 

changed to ,,„„l,„.,;„n is 

- Vr-vi to ts niori>hoK»k.'V , pigne tu pi < 

ChR0MOGI-:xi-.sis.--Ncx I I Hu- p.giia ilV gradrs 

the most striking characteristic of / o ] s 


ilv 

Its 


the most striking cnara.uw..... ir,iHi:dlv di^tim 

from yellow to orange. is U 

orange, while on The same ns that win. li is Upieal 

coloronthelattcrmedui ■ I , ca.Iinmm otangt hv Winslow 

of the orange pyogenic . . ^'or-cn,-, .ae, 'Ihe tvpiial color, 

and Winslow (5.) ^ .„iel. tlic Winslows 

indeed, is exactly tne sli uit 



344 Journal of Agricultural Research voi. xvi, no. i> 

found most common among the orange cocci. One strain has been found 
which was typical in color upon isolation from soil, but which lost its 
chroraogenesis upon cultivation, not regaining it even after cultivating 
for a while in sterilized soil. This strain retained its typical morphology 
and differed from the other cultures at first in no other respect except 
that it was unable to digest soluble starch. Later it was found to have 
lost its power of producing nitrite upon nitrate-peptone media. No 
data are at hand to show whether or not it digested starch before it lost 
its pigment-producing power. The change in the color of this culture 
can hardly have been due to an impurity, because three separate sub- 
strains of this one strain all lost their pigment-producing power at 
exactly the same time. This shows that chromogenesis, striking as it 
is in typical cultures, is not an absolutely constant characteristic. 

Physiology.— Perhaps the most striking physiological peculiarity of 
the organism is the difficulty of cultivating it under laboratory conditions. 
The only way found to keep it vigorous is by transfers every few days 
onto agar that has been. freshly melted and solidified so as to have con- 
siderable water of condensation on its surface. This fact is unfortunate, 
for it makes it practically impossible to keep stock cultures of the organ- 
ism for purposes of comparison with cultures of other investigators. 

Relation to oxygen. — The organism is very strictly aerobic. In 
fact, it grows poorly in liquid media, even in an open test tube. 

Liquefaction op gelatin. — All cultures liquefy gelatin. The rapidity 
of liquefaction varies, although m general it is quite rapid. 

Gelatin colonies usually liquefy to a diameter of about i cm, in four 
days. Liquefaction is most rapid on the plates made directly from soil, 
old cultures liquefying more slowly. The colonies have typically a 
radiate structure, although the typical structure is observ'ed only 
immediately after isolation from soil. Edges of colonies are entire. 

Ammonia production. — As shown by Bright in the preceding paper, 
Ps. caudatus is a vigorous ammonifier. 

Action on sugars and glycerin. — In the early work with this organ- 
ism {Conn, 5, ro) te/its for acid production were made in sugar broth as 
recommended in the repoigt of the committee of water analysis of the 
American Public Health Association. ‘ Very irregular results were ob- 
tained and in mentioning this type (5, />. 103) question marks were placed 
over those figures in the group number referring to the dextrose, suc- 
crose, and glycerin, although at that time no evidence at all of acid pro- 
ductioif*in lactose had been obtained. Later (10, p. 8) it was thought 
that this irregularity must be due to poor growth in liquid media, so the 
recent tests have been made ip sugar agar containing some indicator. 
The most satisfactory indicator has proved to be bromc resol purple. 
Using standard agar in tliis work, the writer divided the strains studied 

^ Amrnran Public Health Assoctatioa, Standards methods lor the examioalirm of crater and sewage, 
ed, 2, p. j27“ij8. New York. mu. 
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into two groups, one ‘ producing no acid and the other vCDiitaiiung the 
majority of the strains) producing ai.'id from de\tn>so and snomse !nit 
not from lactose or glycerin. There proved to l>e M>nie irieguhuUv upiui 
repetition of the test, but not a great deal. It was then felt that tiu* 
difference between these two groups of strains iniglit Ik* that one pio 
duced more alkalinity from the ]>ej)toiu‘ than the of her and that iis 
acid production was thus obscured. The test was theielou- lepeaied a 
few' times on a tartrate agar^ in which \v:is huind to cuum- 

no change in reaction unless some sugar were ])res<,‘nt , With this inedmiii 
more consistency was observed ui)on re[>etilit)n of the lest, but tlie dil 
ference between the two groups was still sharp. 'Ihe acid gn>uj> acubtied 
lactose in this medium as well as dextrose and sucrose. It is theieioie 
concluded that typical Ps, catuiatus ]>rnduces acid front dcxln>st*, sucrose, 
and lactose, but not from glycerin, its acid production frnin lart(jse Ix-ing 
too weak to neutralize the alkalinity produced front the [teptoiu* if grow- 
ing in ordinary media. The nonacid strains, with the cxcejtljon i>f the 
nonchromogenic one, died while under cultivation in the lalKJraloiy; so 
it is felt that their failure to produce acid may have larii the lust evi 
dence of loss of vigor. Hence, they are not consideie<l to be distuK t 
from the typical acid formers. The strain used bvTlright in the expert 


ments reported abo\’e was a vigorous acid producer. 

Nitrate reduction.— Irregular results were obtaiiuai with this test 
also. Ordinary nitrate broth proved so unsalisfactory that tests were 
made on agar slants as described for /'v. litu>rL^cnu m\). Hu IktI 

extract peptone agar, the acid grotiit of strains, above meiui.mcd, shnwcal 
a strong nitrite reaction; the nonacid group, with the exeeption of the 
nonchromogetiic strain, showed no nitrite; the nonclirninogemc strain 
when first tested wais distinctly nitrite positive, but after a few months 
all three substrains of this organism were found to have lost flaar mtnlc- 
producing power. To investigate this matter further, the svnthetic 
sucrose-nitrite agar’ alreadv nscri for />,. Ihu^.^on. "y 
On this agar an occasional culture was found lo iirrKluce nilnte llul li.id 
showed no nitrite reaction on L!,e nitrate-ix-ptone aK,r and aunn.mu was 
observ-ed in almost all cases, ('.rr.wth was very poor, howeser, with the 
nonacid group of strains.’ Inasmuch as there was no possd.le source of 
ammonia in this medium except the nitrate, the 
that Pr. caudalus reduces nitrate to mtrrle and 
cultures convert the nitrite into animoma so rar.idh that a nitriic 
glerX negative, the presence or absence of the rntrUe h s, riepen Is 
uiDon the relftive rate of these two processes, which is prohal;l> .iss-k la r 
w^h the vigor of the culture. Hence, t^ failure of the nit nte t<-st is no 
proof that any particular culture is not /'r. care/ofm. 


m .ws r;«.p «> ia,.iu„n, 

onnuU oven in \<j>Anvte. v- 3*o- wf fl.e 
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Di ASTATIC ACTION ON STARCH. — This test was made by the method of 
Allen.* All the cultures of Ps. caudatus studied, except the nonchromo- 
genic strain, gave a strong reaction, but the nonchromogenic strain showed 
no digestion of the starch. These results were the same upon frequent 
repetition of the test. 

Action on milk. — No change in appearance or reaction. 

Production of indol. — The results of this test have generally been 
negative, although a few cultures have shown a weak reaction. It is not 
inqwissible that they would all produce indol if tested under conditions 
favorable to the growth of this organism ; but the test has always been 
made in liquid media (Dunham’s solution), and as yet no effort has been 
made to improve the technic. 

BRIKF SUMMARY OF CHARACTERISTICS OF TYPICAL PSEUDOMONAS CAUDATUS 

In the following summary the characteristics written within paren- 
theses apply to typical cultures only (including the strain studied by 
Bright); the other characteristics apply to all the stiains studied: 

Morphology: Long, slender, granular. Gram -negative rods, about 0.3 ^ in diameter, 
with a single polar flagellum. No spores. Old cultures often appear like cocci, 0.2 
to 0.4 in diameter. 

Growth on agar: Soft, smooth (cadmium orange). 

OrlaTin colonies: Small (to medium sized) — i. e , up to i cm. in diameter (orange, 
structure radiate), edge entire. 

Relation to oxygen: Strictly aerobic. 

Ammonia produced from organic nitrogenous matter. 

Acid production: (from dextrose, sucrose, and lactose) but not from glycerin. 

Nitrates reduced to nitrate and ammonia (with accumulation of nitrite). 

Diastitic ACTION ON starch: (strong). 

Milk unchanged. 

SUMMARY 

(1) The statement recently made by one of the authors that non-spore- 
forming bacteria are most active in manured soil has been A erified. This 
is contrary to the generally accepted idea that spore-forming bacteria are 
the important ammo^ifiers in soil. 

(2) Of these non-spore-forming organisms that are especially active in 
manured soil, two of the most easily recognized are Pseudomonas fluores- 
cens .(Flffgg^) Migula and Ps. caudaius (Wright) Conn. They have 
therefore been selected for special study. 

(3) Pure cultures of Ps. fiiwrescens and Ps. caudaius multiply much 
more rapidly in sterilized manured soil than do pure cultures of Bacillus 
ccrcm Prankland (selected as a typical spore former). 

(4) When sterilized manured yil is inoculated with a mixture of these 
three organisms in jjuie culture, the two non-spore formers immediately 
gain the ascendency* B. ccrcus occurring in too small numbers for detec- 
tion by the ordinary methods of study. 


‘ AJXK.N’. Pacl W, Op. ot.. ijiS. 
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(5) In field soil to which there has l>een no addition of or^ruiic matter 
for several years, Ps. j^nori fccns ahd P<. oin./rt/uj were r:uely found, \s lnle 
B. cereus was a conmion organism. 

(6) When this same soil was inixtxl with manure and jrotied, /*.». 
jliwrcscens and Ps. caiuititus imimnliatelv nmUiplit-d rjpidlv, whdc but 
small numbers of B. anus s]K>res and no active forms nf /{, (<»< ismUi 
be found. 

(7) All three of these organisms arc vigorous animonilicis when U-sicd 
in pure culture. 

(8) The activity of the noU'SjHrre fonners and t!u- ahstmcc nf aviivity 
of the spore formers in unslerilizcd mamned soil leads to tiie com lusion 
that Ps. fluorcsccns and Ps. auuUilus arc im|rorlant ammnnilK is .»( niaimte 
in soil, while tliere is no evidence that B. or« 10 laki s pait in this jumess 

(9) Detailed descriptions are given of the twci ammnnifving nt>;aiilMn^ 
studied. 

(10) The culture of Ps. ftiwnsaus studied has Uxm compared with 
other fluorescent bacicria isolated from soil, and a review of tlie lin iaime 
relating to fluorescent bacteria lias U-eii made. It has not proved 
possible to fix definite limits frrr this si>eeies. 

(,,) Ps. musialm is the name now assigned to tire ornamsm p.evrondv 
denoted by one of the writers as tlic “oraiiK^ li(|uefving Ivih-. " H is ajr 

parently identical with the organism desenlred bv Wrigln m iKosIsr). 

and seems to be (piite common in soil ami ivater. 
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DibotkfKHtphj.liis , toxuy iw 

Dock. See Kumri irispui 
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